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tb MATERIAL which we have studied consists of 60 cases of injuries to 
taking place and in’ which 


the spinal cord in which sensory recovery was 
scnsory exabinations had heen made several time S, the last one in 1952. 
No attempt was made to examine for sensory recovery by tests other than those 


used in an ordinary neurological exannnation. “Pwo-point discrimination was not 


studied, and neither an algesiometer nor an esthesiometer was used. Some of the 
cases had been deseribed in the study of Boshes, Brown, and Crouch,’ but for the 


most part these cases have not been reported 


Many studies have been made upon recovery of sensation after injury to the 


spinal cord in an attempt to discover the intraspinal pathways for sensations of 


ditferent modalities and the form and position of dermatomes, and we have fallen 
into the same trap 


Read at the Sevent venth Annual Meeting of veurological Association 
Atlantic City, N. J., May 9, 195 

Krom the Department of Nervous and Mental Diseases, Northwestern University Medical 
School, and the Neurological Division, Veterans Administration Hospital, Hines, Il 


the Veterar \dministration and published with the approval of the Chief 


Reviewed the 
Medical Director. The statements and conclusions published by the authors are the result of their 
tn arily retlect the opinion or policy of the Veterans Administration 


own study and do not 
1. Boshes, B Bre ; and ouch, R ensory Return in Partial and Recovery 


Spinal Cord Le 


| 
MEE sions, Neurology 2:81, 1952 
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\Ithough it wall seen that we have not been able fully to predict what 
anatomical studies may later show to be the intraspinal pathways, and other studies, 
the spinal dernatomes, we have obtained interesting information about the manner 
of recovery of sensation in these injuries and an indication as to their anatomical 
and embrvyological significance 

When the pinal cord ts injured by a knife or a part is sectioned by a surgical 
procedure, the ensuing loss sensation may, with some degree of accuracy, be 
used in studying intraspinal pathways of sensation. [even in such a case, unless the 
patient dies and histological studies are made, there are many pitialls 

Because of the successful management of the patients with residuals of injuries 
to the spinal cord, these patients have been, and are being, kept alive for years, and 
the Opportunity to study spinal cords by histological methods is slight indeed. It 
becomes necessary, therefore, to learn what is possible from clinical studies 

()} course, in a discussion of recovery of sensation after an injury of the spinal 
cord, it is apparent that such recovery is the result of return of function temporarily 
abolished not by destruction of tibers but by blocks produced by pressure, anoxia, 
inflammation, ete. At times, the whole transverse area of the spinal cord may be 
injured, but not to the degree which produces degeneration of the distal segments 
of the axons. In such a case of complete transverse injury, recovery occurs rather 

mnultaneously over the body distal to the pomt of injury, and all modalities of 
ensation recover together. This situation is rare. Usually one part of the spinal 
cord is injured more severely than other parts, and the less injured parts recover 
ensation earlier. Among such cases may be those in which the anterior part of 
the spinal cord may be more severely injured and the sensory return suggests the 
pattern of thrombosis of the anterior spinal artery. In cases of another type the 


medial portion of the spinal cord is less severely injured, and sensory recovery is 


shown by a dropping downward of the level of sensory loss; im another type the 


periphery of the spinal cord may be less severely injured and recovery be shown 
by return of sensation first in the sacral segments and later at higher levels. Still 
another is that in which one-half the spinal cord is not as severely injured as the 
other, and sensation returns in a manner that suggests a Brown-Séquard lesion 
In many cases the spinal cord is injured severely only in patches, and sensory 
recovery in small patches suggests such a lesion. Finally, the residual loss of 
ensation may occupy an area which represents a region of an extremity, such as 
below the lower third of the leg and foot, and have a sto king like type of distribu 
tion, rather than that of an anatomical dermatome 

\Ithough the sensory dermatomes have been described in respect to the radiculat 
supply of sensation to the skin, the border of sensory loss following injury to the 
spinal cord alone has not been successfully ascertamed. The reason for this is found 
in the fact that when the cervical portion of the spinal cord as injured, there 
frequently occurs a simultaneous injury to the cervical roots or brachial plexus o1 
both Vhis 1 so the situation in regard to injury to the lumbar portion of the 
pinal cord, where injury may also occur to roots in the cauda equina. Therefore, 
we have studied the sensory changes in the trunk and lower extremities in patients 
with lesions of the cervical and thoracic portions of the spinal cord. This would 
pernnt delineating the dermatomes only of the trunk and the lower extremities 

When recovery began in the uppermost border of sensory loss in the trunk and 


descended to imeluce parts of the lower extremities, it could not be held that the 
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upper border of the residual sensory loss represented a border of a dermatome. In 
| 

such a case, fibers adjacent to other consecutive ones may overlap, and one may 

observe parts of skin recovering which may represent a traction 


adjacent upper or lower dermatome. The 


lowermost sacral 


an aree. Ol an 
is true when recovery begins in the 
area < 1 ascends It is tor this reason that 


from observations, 
restricted as the were to recovery 


and residual loss of sensation, we were unable 
to delineate borders which corresponded either to radicular dermatomes or to levels 
observed by others when sensory 


What, thet could be 


between the area ot 


loss resulted trom a complete lesion 


studied in our material? We first attempted a correlation 


sensory recovery and, with the assistance of motor examination, 
the part of the spinal cord which was more severely myjured 
prising 


his led to the 
conclusion that in almost one-half our cases the sensory disturbances resem 
bled those of thrombosis of the anterior spinal artery. A study of cases of sensory 


recovery from above downward showed a relative restriction of residual loss of 


sensation to the postaxial surtace of the lower extremity, and in cases of recovery 
from below upward the relative restriction of return of sensation to the same area 
was found 

It soon became obvious that recovery takes place by the successive recovery ot 
one area of skin adjacent to another and that parts of a number of dermatomes could 
be included in such an area of recovery. Among these 


were the combinations of 
simultaneous return of sensation to the dorsal surtace of the trunk and buttocks, of 
to the anterior thigh and buttocks, and the frequent return of sensation to the 
genitalia when other parts of the sacral segments were not recovering. We studied 
recovery of sensation in patches and regional loss of sensation, but not in the form 
of dermatomes, Finally, by means of a diagram of the sensory tracts in the spinal 
cord, we studied their lamellar arrangement. We shall 


devote a small section. to 
each of these 


TO ANTERIOR PORTION O1 PINAL CORD 


One of the aforementioned, to us surprising and not previously recognized, 
observations was the large number of cases in which a lesion resembling one pro 
duced by thrombosis of the anterior spinal artery was suggested. In 29 of 60 cases 


this re semblance was observed, in part o1 whole Of these 29 


the cervical portion of the spinal cord, all due to fracture dislocation im Zi. and im 
& the lesions were in the thoracic portion, 4+ of which were duc 


3 to yul hot wounds, and 1 to 


, there were lesions in 


to fracture dislocation 
a stab wound 


Phe softening of the spinal cord resulting from thrombosis of the anterior spinal 
artery atfects the raniudal tract, the lateral spinothalamic tract, and the othe 
tracts of the anterolateral column. Theoretically, it should result in spastic paralysi 
In and te Mperature SCTISES, and conservation of touch position and vibra 
sibilit However, in reports of the clinical picture produced by thrombost 
anterior spinal artery, strict adherence to such a pattern is not constant, and 
cases are reported in which there were loss of position sense and loss of touch sense 
in parts of the bod findings are spastic paraplegia and loss of pain 
and temperature sensation However, tactile 

ind is generall f slhighter degree, 1 partly lost 


Is not frequently observed 


There were 29 « 


whole of the bod 


| 
Ee) which tactile sense was recovering over one-half or the 
ee Qf these, there were 21 in which the recovery was occurris 
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over both sides of the trunk and limbs; of these 21, there was but litle return of 
other sensations in 13; some return of pain sense on both sides in 2, and some 
return of pain sense in one side in 2; in the & other cases recovery of pain and 
temperature senses was also occurring on one side of the’body. Im six cases the 
residual sensibility resembled a Brown-Séquard lesion except that touch sense was 
also recovering on the side on which temperature and pain senses were recovering. 
Qf these six cases, four were of injuries to the cervical, and two of injuries to the 
thoracic, portion ot the cord In two cases touch sense only was recovering on 
one side 

In the 13 cases with loss of pain and temperature senses and only diminished 
tactile sense the condition resembled thrombosis of the anterior spinal artery very 
closely, and in 5 of them vibration sense was intact ( Fig. lel) 

Qf the eight cases in which pain and temperature senses were recovering on 
one side and touch sense was recovering on both sides, it is suggested that the lesion 
constituted a Brown-Séquard type. However, since in so many other cases the 
sensory loss resembled that of an injury chiefly to the anterior portion of the spinal 
cord, it appears to us that in those eight cases recovery was occurring in one-half 
the previou ly bilateral myury to the anterior portion ol the spinal cord. Therefore, 
touch sense having been bit partly affected, all sensations seem to be recovering 
on one side (Fig. 1B) 

ln) SIX cases touch, pain, and temperature senses were all recovering on one 
side of the body; in all cases the motor recovery was greater on the opposite side 
This has often been described, especially in lesions of the cervical portion of the 
spinal cord, and the injury in such cases has been classified as the Brown-Seéquard 
type The observation that touch sense, as well as pain and temperature senses, 
recovers on the same side has been attributed to the fact that by the time fibers 
conveying tactile impulses have reached the cervical portion of the spinal cord they 
will have crossed to the opposite side (hig. 1C) 

his may well be the case, but confirmation must await histological study, since 
when touch sense is recovering on both sides the condition may be interpreted 
ditferently. In the case of a thoracic lesion due to a stab wound, with absence of 
vibration sense on the more severely injured side, the paralysis was definitely ot 


the Brown-Sequard type 


RECOVERY OF SENSATION FROM ABOVI AND FROM BELOW 


In some cases, the medial part ot the spinal cord seems to be the less injured, 


and recovery of cutaneous sensation proceeds from above downward. The uppel 


border of the residual loss of sensation may be found at various lower regions of 
the lower extremities; it does not, however, comeide with previously deseribed 
radicular o1 spinal borders. Rather, it is related to the regions of the lower extrenu 
ties -upper thigh, below the knee, et whatever else may show recovery of 
sensation ; rarely is it observed in the postaxial surtace of the extrenuties ( Fig. 2.1) 

The reverse of this may be seen in the cases in which the less severely injured 
portion ot} the spinal cord is the periphery and the recovery of sensation 1s taking 
place from below upward. In these cases the separate representation of the post 
axial surface is even more emphasized. The areas which are recovering are almost 
exclusively those of the postaxial surface. Whereas in the cases of recovery from 


above return of sensation might be seen over the anterior portion of thigh and legs, 
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In the case show recovery 
2B ) 

It would appear that there is reluctance in the spread of recovery 
Phis inviolability 


Into the post 


axial surtace and of spread of recovery from the postaxial surface 


of the postaxial surface suggests a possible rearrangement in the spinal cord which 


may be related to its embryological development. [t is of interest to refer to the 


work of Woolsey Marshall, and Bard By evoking action potentials, they attempted 


to map out the representation of cutaneous tactile sensibility in the cerebral cortex 


of the monke Phe said 


Loss of painsense 
Loss of temperature sense \ 
Loss of touch sense ww 


Ge Loss of pain, temperature and touch senses 
hig I, recovery ot Si om above with persistence ol loss of sensation the 
postaxial surtace BR, recovery sensation trom below without extension out of the postaxial 


urtace 


The features of the cortical representation whi we have just emphasized have le 


undertake an an: is of the tactile sensory projection area in terms of spinal cord segments 
It can be seen that the spinal segments trom the first thoraci 1) through the last caudal 


(Cas) are projected to the (contralateral) postcentral gyrus and paracentral lob n the sam 
erial order as that in which they are arranged in the ec This results in the folowing cortica 


SequUuence the preaxial surface of the leg (thigh, knee, lower leg, anterior 


I-\V, postaxial surface of the les ili, popliteal fossa, thigh), genitalia 


ton 


Phe authors further stated that the currently accepted sequence “hip, knee, ankle, 


+, perineum” must be expanded to take into account the separable representations 


ton 
for preaxial and postaxial surface of the leg 
ur observations seem to support this view tor the spinal cord 


2. Woolsey, ©. N.; Marshall, W. H., and Bard, P Representation of Cutaneous 
Sensibility im the Cerebral Cortex of the Monkey as Indicated by Evoked Potentials 


Hopki osp. 70:399, 1942 
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RECOVERY BAG 


the impediment. ot \ sensation into the 
of the lower reniti ou i! 11 which the ce rsal, 


portion f the trunk gaining sensation. In such cases. the 
ation proceeds downward across the Junction ot he external anial 
proceeds into the buttocks, the sacrum, ¢ at times, the back of the 

thigh. Here, again, a separate representation in the spmal cord 1s sugge sted 


\ typical s 1 spinal me v s outward d \ ‘ ubdivides into two branches 


the posterior 


ry recovery over the back into the postaxtial urface of the buttock 


) 


Figure 2.1 


upply striy nts ob ski spo ig posterior third o 
ference of tl k hese cutaneous n do also im the innervation 


the buttock 


Phe recovery in these cases strongly suggests one lat is occurring in the 
fibers destined to supply the cutaneous area of the posterior primary division ot 
a spinal nerve ‘ig, 3). Another interesting mstance of recovery of sensation im 
associated areas at over the buttocks and anterior surface of the thigh when 

sidual loss does not suggest anv recovery by extension from one dermatomse 

Some of these belong to the group im which recovery is occurring trom 

above downward, including ventral and dorsal surtaces of the trunk, and the 


recovery Is ¢ xtended on the dorsal surtace to the buttocl and on the ventral surtace 


to the anterior surtace ot the thigh hig 1) OF course, the pom cannot be proved 


\ 


= 
SADDLE AREA 
postar il surtace 
MEE and anterior primary divisions. The cutaneous branches (of the posterior branch ) 
/ 
) ) \ 
\ YW ff \ WSJ | | 
ind thigh. Symbols as in 
3. Paterson, A. Phe Anatomy of Peripheral Nerve London, Oxtord University Pre 
1919, p. 19 


anvulation, 


urta the lower limb bud is represented 


buttocl the front of tl leo and the dorsum ot 


REGIE 
peciall \ taking from above downward 
sensation 1 Ml in a regional part the extremities. Thus, it 
in the feet or distal to a portion al the vy thigh encircling the 
completely unrelated to dermatomes ' 5). This result of a 


listurbance is reminiscent of the local sen disturbance described 


hig. 4.— Sensory recovery in associated areas over the buttocks and the anterior surface o 
the thigl Symbols as in Figure 2/1 


in the upper extremity by Holmes.* In his case, he explained the distribution by an 


anatonueal arrangement of the sensory pathways. The arrangement provided for 
a sensory supply of part of an extremity which would be related to a segmental 
reflex. Thus, muscles whose motor supply may be linited to a few roots receive 
inpulses from skin supplied by many more roots. In our cases of remote sensory 
disturbance, it 1s more likely that recovery is occurring by a patch which does not 
extend along the whole of a segmental lamellar bundle and, therefore, does not 


include the whole of the dermatomes involved 


4, Holmes Phe Goulstonian Lectures on Spinal Injuries of Wartare, Brit. M 
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PATCHES 


In the cases in which the lesion does not correspond to the Brown-Sequard type 


ot recovery of the anterior medial, OT peripheral portion of the cord, recovery: ol 


sensation to patches of skin is frequently seen. Thi represent small areas of 


relatively less severe injury to the cord and are to be expected, since the cross section 
cord in cases of similarly partial lesions reveals the patchy character ot 

the more severely injured portions 
The patches vary in size and location, often coalesce with other patches, and at 
times encircle an extremity Cases of interesting patches may at times be encoun 
tered. In one such case three patches occurred, beginning with one in the buttock, 
one in the thigh, and one in the leg and foot, as though the crests of undulating 


fibers were recovering and the troughs as yet had not (ig. 6) 


GENITALIA 


The Irequency ol return of sensation to the vemtalia has been noted time and 
again. We can contirm this oft-repeated observation, The explanation, we believe, 
is suggested by the character of the areas contiguous to the genitaha. During 
embryonic lite, the body is divided in a segmented manner, and from. every 
metamere there is given off a spinal nerve. When branches of such nerves reach 
the skin and convey sensory impulses from nerve endings, the sensory area con 
stitutes a dermatome. The branches of some of these nerves do not reach the skin, 
or reach it only in small numbers. The rest remain buried deep. This 1s particularly 


true in the case in which the trunk meets the extremities 

Phere 1s a remarkable gap in the numerical sequence of the ner | upply the ventral 
axis of the body \ll the ners between the fi lumb an . nd sacral tail to reach 
the mid-ver 

The refore, the area ot skin of the genitalia at the junction of the internal axial 
lines 1s adjacent to the first lumbar, and the area on the immer surface of the thigh, 
anterior to the internal axial line, is adjacent to the upper part of the third lumbar 


segment. In addition, there is a direct supply to the gemitaha from the sacral nerves 


It would be expected that when recovery advances from below upward and the 


lower sacral segments are recovering in the perineum, sensation over the genitalia 
would be recovering (Fig. 7.1). There should be the same expectation when 


sensation is recovering 


from above and has proceeded downward to include. the 


bserved other sacral 


first lumbar segment, even when recovery is not « 
segments over the sacrum or the permeum (Fig. 72). Finally, recovery of sensation 
could ensue when a patch of return occurred in the areas just anterior 
internal axi nes, in the uppermost part of the inner surface of the thigh ( Fig 

bsery a number of such combinations, ar VaTIOUS Wal 
by which sensation may return to the genitalia may be attributed the many instance 
in which reeovery in this area is observed. Hlowever, it is only fair to sav that in 

sf we observed some return of sensation to the venitalia when there 


elsewhere 


was no recovery 
5. Cunningham, D. J Cunningham Textbook of Anatomy, Ed. 9, edited by |. C. Brash 
and FE. B. Jamieson, London, Oxford University Pre 1951, p. 1113 
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VEU ROLOG) IND PSYCHIATRY 


We have constructed columns of blocks, each representing a segment ol the 
spinal cord. Each column represents a modality of sensation: pressure, touch, pain, 
heat, cold, and vibration, respectively. We have indicated on each column on every 
block the state of sensory recovery or loss. The frequeney of correlation of the 
simultaneous recovery in two or more of the modalities of sensation permits one to 
determine which modality is more likely to be conveyed by fibers adjacent to the 
other. Particularly valuable are cases in which sensation is recovering in only part 
of the dermatomes, such as the anterior or posterior surface of the trunk or limbs, or 
in regions of extremities, or in patches, perhaps in one, at other times in more than 
one, dermatome 


We have divided the material into two parts lirst, cases in which there is a 


probability that the anterior part of the cord was more severely injured and cases 


in Which the lesion resembled the Brown-Séquard type (constituting 30 cases), 
and, second, the remaining material of the other types, consisting of 30 cases, 17 
of which were of injuries to the cervical cord and 13 of injuries to the thoracic cord. 
In 10 the lesion was due to gunshot wound, and in 20, to fracture dislocations 

Qf the first group, when tactile sense had returned, pressure sense likewise 
returned in 95% ; pain sense was recovering in 54% ; cold sense, in 40%, and heat 
sense, in 35%. When pain sense was recovering, heat sense was recovering in 29.4% 
and cold sense in 25%. When heat sense was recovering, cold sense was recovering 
in 1OO% of the cases. Thus, in this group, it 1s suggested that the fibers conveying 
pressure sense are adjacent to those carrying touch sense, that fibers for touch are 
adjacent to those radiating pain and that temperature fibers are adjacent to those 
for pain (Fig. 81). Another analysis was conducted somewhat differently. If in 
the mosaic a small patch in the region occupied by one or more dermatomes was 
recovering only, with return of touch and pain sense, or pain and cold sense, we 
should say that in the first case touch was correlated with pain, and in the second, 
pain with cold (Fig. 82). This led to the following conclusions: Touch sense was 
correlated with heat sense in 18 cases (31% ). with pain sense im 37 cases (63.7% ), 
and with cold sense in 39 cases (67% ). \ similar analysis made of the other group 
of cases of recovery from above or below, of regions and patch s, consisting ot 30) 
cases, led to the following conclusions Recovery of touch sense was related to 
pain sense mn 17.8%, to cold sense in 27.5%, and to heat sense in 14.6% Krom all 
the figures, we concluded that the sequence of correlations of sensory recoveries 
is that ot pressure, touch, pam, cold, and heat 

In addition to the comparison of the mosaic columns, we measured the relative 

of areas of recovery of various modalities of sensation as they appeared in 
( ory charts. In the first vroup, since the majority of cases were those in which 
touch sense Was recovermy on one of both the larvest area Oot recover? Was 
that of touch sense, in 100% ; of the rest, recovery of pain sense was next, then 
that of cold, and then that of heat. 

Phe same sequence in respect to the relative sizes of areas in which sensations 
of various modalities—-touch, pain, and temperature senses—-were recovering was 
found in the second grouping. 

Phe lamellar configuration of the crossed sensory tracts was well illustrated. 
and the instances in which heat, cold, pain, and touch sense occupied areas of equal 


size were rare (Fig. 9) 
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tactile sensation in the who ap an extremuty occu 
extrennties ) ( extremities): of cold 
extremuties ), an t heat. in. / 22 of 75 extremities ) 
ation ise, f vhich we were unable to obtain any usetul correlations, showed 


ome of 82 extrenuties ) 


in which lesions were severer in the anterior part of the 

cord and tactile sensation was recovering on one or both sides of the body 
ta degree which by clinical methods would be designated as complete 

irred 1 \ istances. Occasionally all sensation may have been found to be 


exception of one modality, such as cold, which would 


comple tely 


lett 
‘ 


| ile 


| studies alone on return of sensation, since 


We pomt out the necessity of clinical 
modern treatment of injuries to the spinal cord has brought about a prolonged 


vity of Tite and few opportunities for histological confirmation of clinical 


vation 
asons for failure to determine the form) or sequences spinal cord 
in contrast to radicular ones, are described 
By means of a study of diagrams showing loss or recovery of sensation. of 
erent modalities, the order ot sequence Ob trac 1 the lateral and anterior 
ral bundles were seen to be those for pressure, touch, pain, cold, and heat. The 
t areas of recovery of various modalities, in descending order, were those for 
pain, cold, and heat 
a surprisingly large number of cases recovery of sensation presented the 
picture ol that produced by thrombosis of the anterior spinal arter 
ensation is recovering from above, there 1s a reluctance for it to mtruce 
e of the lower extremnt and when sensation 1s recovery 
there is an mpediment to extension of recovery bevond the postaxial 


lower extrennut This suggests a separate representation in the spinal 


for the vreaxial and the postaxial surface of the leg. An exception to this is 


nnultaneous recovery of the dorsum of the trunk, the buttocks, and the sacrum 


eparate representation ol the posterior primary v1 of the 


Hnultaneous ot sensation im the anterior urtace of the neh and 


uvvest that the association of the thigh and buttocks on tl dorsal 


he lanb bud is brought about by various distortions in embryome life 


ensation im regions ot extrenu 


low the knee. encircling tl portion 


sation to the skin of the gemitaha occurred when only the upper 


had recovered, and not the buttocks and sact il se ginents It also 


curred when the uppermost part of the inner surface of the thigh was recovering 


acral segments were bereft of sensation ‘nally, occurred with recovery 
other sacral segments. These several modes of recovery may be the reason for 


frequeney of return of sensation to the genitalia 
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MYOCLONUS EPILEPSY AS A SYMPTOM OF DIFFUSE 
NEURONAL DISEASE 


C. WESLEY WATSON, M.D 


AND 
D. DENNY-BROWN, M.D 
BOSTON 


[ YNVERRICH] and lundborg deseribed a progressive fanuhal syndrome 

of myoclonus epilepsy, the fully developed form of which was additionally 
characterized by progressive dementia, pseudobulbar paralysis, rigidity and, im the 
late stages, quadriplegia in flexion. Diverse types of pathological nerve cell change 


have been reported to occur in patients with this syndrome,’ of which an exceilent 


discussion was given by Hodskins and Yakovlev." The striking teature of these 


reports is the description of diffuse neuronal disease, either diffuse “primary 


| Har inclusions. Vhough 


atrophy” Or tt cellular changes characterized by celh 


descriptions of myoclonus epilepsy almost always reter to the curious dark-staming 
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VEUROLOG) 


“amyloid” inclusions deseribed by Latora and Glueck,*” this type of inclusions 


appears to be extremely rare. A more frequent finding has been the lipoidal inclu 
sions characteristic of amaurotic familial idiocy 

Juvenile amaurotic familial idiocy has been recognized as a distinct clinical type 
of lipidosis of the nervous system since the publications of Spielmeyer * (1906), 


Vogt” (1909), and Merzbacher" (1910). Sjogret pointed out that it is to be 


distinguished from the infantile form of amaurotic fannhal idiocy on the basis of 
the predilection of the former for Jewish fanulies. The infantile and juvenile forms 
have never been reported to occur in the same family The appearance of epilepsy 


in childhood, between the ages of 6 and 12 


years, In association with a progressive 
extrapyramidal type of rigidity, leading to dysarthria and dystonic abnormalities 
of gait, and ultimately to a state of general flexion contracture of the limbs and 
body, has often been deseribed in this disease. Sjogren stressed this very chara 
teristic clinical syndrome in his comprehensive survey of 115 cases occurring in 50 
Swedish families. Nearly all patients with juvenile amaurotic familial idiocy are 
reported to have had epileptic seizures. In these descriptions there is frequent 
mention of sudden jerking of the limbs, particularly on stimulation. Thus, although 
patients with juvenile amaurotic familial idiocy usually exhibit seizures, dementia, 
characteristic gait, postures, and terminal state, as well as myoclonus in many 
cases, few authors have noted that such myoclonic jerking movements bring this 
fanulial disease within the clinical definition of myoclonus epilepsy. An exception 
is Sto,’ who reported the pathological findings of diffuse neuronal lipidosis in a 
case of Recktenwald’s,” clinically typical of myoclonus epilepsy. Liebers * found 
inilar pathological change in a boy with myoclonus epilepsy of early onset 

In his monograph on progressive myoclonus epilepsy, Lundborg * also described 


poradic, nontanuhial cases in which a similar symptom complex of less progressive 


or stationary type was presented Rabot nade a special study of such “sporadic fe 


cases of myoclonus with epilepsy and rigidity. Myoclonus without rigidity or other 
extrapyramidal disorder is commonly encountered among epileptic patients in the 
form of occasional, unpredictable, single muscular jerks soon after awakening from 
leep Muskens estimated that over 60%. ot epileptics May experience this 
phenomenon at one time or another. Rushton reported a familial incidence ot 
this nuld myoclome phenomenon associated with epilepsy. In one of his cases these 

4, Spielmever, W | ondere Form von familiarer amaurotischer [diotie, Neurol 
Centralbl. 25:51-55, 1906 

Vogt, H.: bkamiliare amaurotische Idiotie: Histologische und histopathologis 

Arch. Kinderh. 51:1-35, 1909 
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7. Wyburn-Mason, R Qn Some Anomalous Forms of Amaurotic Idiocy and Theit 
Bearing on the Relationship of Various Types, Brit. J. Ophth. 27:145-173, and 193-207, 1943 
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12. Rushton, J. G clonus Epilepsy: Report of ases, Proc. Staff Meet.. Mayo 
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without petit eran zures and 


brother of Kushton’s patient had seizures, myo 
described this mild type ot 


Mlepsv of t.undborg but concluded that the two 


“myoclonic-epileps 


any essential feature 
these disorders has been considerably con 


1 


The significance o Wwoclonus 


the prominence myvclonus im association with degeneration of the olivary 


ons as rhythm vlossoy alate pharynge myoclonus 


ind dentate nuclei in such « 
Hunt." In accordance with 


and in the dyssynergia cerebellaris myoclonica ot 
Krebs '° and van Bogaert,’! these disorders may be classified as asynchronous and 
asymunetrical twitchings or jerkings in the limbs, associated with pathological 
and related nuclei, and rhythmic 


Hlodskins and Yakovlev “ and others have 


changes in the dentate and symmetrical jerkings 


particularly related to olivary lesions 


FAMILY 1 FAMILYT 


the P. family (Family I]) according to 
electroencephalograms in Cases 4, 5, 
dead, and numerals denote the 


hig. 1—Chart of the L. family (Family 1) and 
1952. Cases 1, 2, and 3 and the 
1) indicates that the person is 


indicated, the member is living and well 
within a circle means that the child 


with upper half black, seizures 
obvious abnormality of the 


information available in 
and 6 are described in the text 
1 otherwise 


age at death. | 
Solid black circles indicate myoclonus epilepsy; a circle 


died at birth; clear circles indicate 
in childhood and cl circles cut 


electroencephak gram but no known seizure 


healthy members; clear circle 
by a horizontal diameter light to 


noted the prominence of cellular lesions in the dentate nuclei in myoclonus epilepsy, 
though cellular changes in the thalamus and other nuclear masses are also present 


In the large literature which has grown up around this question of the classi 


fication of myoclonus, the clinical significance of the peculiar relation between 


myoclonus and epilepsy appears to have been overlooked 
13. Wilson, S. A. K Neurology Bruce, Baltimore, Williams & Walkins 
Company, 1940 
14. Hunt, J. R Cerebellaris Myoclonica—Primiz 


System: A Contribution to the Pathology and Symptomatology of Cerebellum, Brain 44: 
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490-538, 1921 
15. Krebs, | Mevocloni et mouvements involontaires de l'encéphalite épidémique 
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Recent observations on two families iting myoclonus epilepsy have drawn 
our attention to the unique atures of the symptomatology and otter evidence ot 
it ivnmificance as a symptom comple < 1 as a disease entitv. Dittuse neuronal 

cerebromacular degeneration” ) w: nyptrated in one atfected mem 
econd tanuly differed trom. the several important respects, pat 
the moditied attacks 1 i@ members, ratsing questions relevant 


ly } 


li-lamuting seizures of childhood and the larger problem ot eryptogent 


PATHIOLOGY 


is admitted to the itv Hospital 
1948, with cough and fever of three w * duration, generalized weakness and rigidity 


irs duration, convulsive seizures o iv vears’ duration, and mental deterioration ot 


duration 


randparent ul great-grandparents were unattected 
Inviving si vere affected. One brother, 
and ] | brother (Case ) had the same 
premature tw he first evidence of mental 
urment wi ! oO progres ond the third grade in sel 1 (normal tor age of 8 t 
His first i aking for generalized ¢ lsions, occurred at the age ot 
He continued to abou ) ATT a month despite anticonvulsant medicatior 


ctroencephalogram rded in 1945 (at the age of . showed abnormal, “spike and 
In 1946 the patient was admitted to the Monson State Hospital, 
tf convulsive seizures and a progressive disorder characterized by 
lurred speecl mental deterioration, myoclonus, and paraplegia, all of about 
duration, One year later (at the age 7) | vas bedridden because of a rigid 

quadriplegia in flexion and showed myoclonus with movement or sudden stimuli. Thereafter 
rapidly | weight and had onset of fever ugh, and vomiting. He was transterred to the 

Poste Hospital 

Phystwcal .xamination.—General medical examination revealed emaciation, fever, and evidence 


pulmonary consolidation with cavitation. Neurological examination revealed quadriplegia in 


with resistance to passive movement at all joints. Myoclonus occurred with active and 
motion of the limb 
findings Hinton reaction of the blood wa Phe cerebrospinal 
fluid was clear, under pre of 60 mm. of cerebrospinal fluid, and contained 3 blood 
cells per cubic millimeter, one of which was a polymorphonuclear form, and 170 erythrocyte 
per cubic millimeter, The Pandy reaction was negative for globulin; the total protein was 24 mg 
per 100 ml.; the colloids d curve was 0012222100. Hinton and Wassermann tests 
erebrospinal fluid gave negative reactions. Roentgenograms of the chest sh 
bilateral consolidation with multiple cavitation. Sputum contained acid-fast organism 
The patient w: iter ved penicillin eb. 1948 
The 
tuberculoss with cavitation; oulary tuber 
tuberculous tleocolitis, with involvement of the mesenter ip ) tuberculous peritonitis 


md chrome passive congestion of the liver Neither tl | he spleer vas affected by 


cellular disease 


Bray (The brain was examined by Dr. Raymond 
lata.) The br vas small, weighing 1 
were ghtly thickened the k 

ish focu vhich tl ‘ WAS 
troved. Frontal on revealed generalized atropl 


matter. On microscopic examination the principal abnormality was 1m t 
willy round with eccentric nuclei (Fig. 7 Phe evtopl 


materia viich displaced the Nuissl bods | periphery 
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parts exal derate numbes microghal cell ome transitional torn and some 
globus pallidus, t amu entate nucleus, Purkinje and tal the nucle: of the 
vere altect n the mam characterists rebrosmacular des ratio 
CA > (kamily | R. J i bov aged 15, was admitted to the neurological service of thre 
Boston City Hospital Dec. 1949, because of convulsior il rogressive mental mmpairment 
t five year rat 
Hlistor tient 1s t brother Case ] \ m the histopat logic chat 
wcteristi f neuronal lipidosis were demonstrat lhe paticnt: 
normal until the e of & veat vhen he was placed in a spc, 
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big Sample Ot the ictivityv Cause ] (| lL...) at the age of 1 
Veal Veal after f illness ( 4 kk at the age 1 Veal veal alter 
onset of ilne meat ccipital; (, aml; 7 temporal; L, left, and #, right 
concentration, lack of interest in his work, and change in personality. At the age of 9 ears, 
in June, 1944, he perienced an aura of a “ball of fire ind huis first seizure ensued. He tell 
vinle walking and lay) motionle ind unresponsive for five minute During the next si 
mont et erienced five seizure f variable pattern. In one he stared fixedly, became atay 
ind fell, t e motion tor 15 minute In another he ¢ erienced a generalized convulsive 
cizure » other se es began with the ca ind eves turning to the lett, after ch he 
the several years pre 
to a day, and eventually the 
light Phi on rres ! ittempting to stand and during transition states trom sleep to the 
vaking state or vice versa. Seizut ipparentl vere unattected | inticonvulsant medication 


ual hallucinatior 
ibility to coug 
general medical and neurolog 
hina mi 
t medication 
(Gseneral medical examinati howed nothing remarkabl Neither the 
is palpable Ihe volume of the entire musculatt Was generally and sym 
uninished. He spoke « in monosyllabic fragments, which were slurred, weak, and 
He heard, understood, ane xecuted simple oral commands ¢ a variable, but 
ce. g., 30 seconds. At re lay quiety in a flexed posture, with an impassive 
xpression. If disturbed, even by ipproach of an unpleasant stimulus he would break 
xaggerated grimace and ery out. He was oriented for time but not for place. Visual 
and the fundi were normal. Pronounced irregular nystagmus occurred on lateral gaze to 


There was bilateral facial weakness. The tongue was protruded weakly 


habitual attitudes when undisturbed was one of flexion at all joints except the ankles, 

h were in plantar flexion and internal rotation (big. 8, upper part). Voluntary movement at 

any joint was slow and accompanied with irregular clonic movements. Strength was about 10% 
normal at all joints. Passive motion at any joint met with a plastic resistance proportional to 
tretching force, the resistance being more pronounced in the distal tl in the proximal 
joint \ sudden passive movement resulted in violent clomic contractions of muscle, at first con 
fined to the joint moved, but spreading rapidly to adjacent joints if passive stretch was repeated 
Clonic movements were most easily elicited in the hands, feet, and face, in that order, and less 
in the trunk and proximal limb musculature. A light stroking tactile stimulus applied 

to the face at the corner of the mouth resulted in sustained local spasm, which became clonic if 
he stimulus was continued. A facile grasp reaction was elicited with a slight moving tactile 
stumulus of the palm. As the proprioceptive pull on the flexor tendons began, the grasp quickly 
became clonic and, if traction was continued, spread to the wrist, elbow, and shoulder. Tactile 
timulation of the sole led to a tonic foot response; this interfered with interpretation of the 
plantar response, which was extensor bilaterally. Tactile stimulation of the lips produced suck 
ing movements. Sudden loud sounds or light flashes falling on the retina led to symmetrical 
clonic flexion movement of both the upper and the lower limbs. If sound or light flashes were 


repeated, the clonic response was repeated. [It sound or light flashes were repeated at a favorable 

rate, the clonic response became self-sustained and resulted in a generalized seizure. The clonic 

movements at any joint were of neither uniform rate nor umiform amplitude but diminished in 

frequency and increased in amplitude as they were repeated; thus, true ankle clonus was not 

obtained; rather, a response of uniformly diminishing frequency occurred. The finger and other 
| 


tendon jerks were hyperactive bilaterally. When the patellar tendon was tapped, the response 


was very marked, with cocontraction of the flexors and extensors of the knee. If the tendon 


taps were repeated, the response of the quadriceps muscle became repetitive, and almost at once 


joint, and subsequently all jomts, were involved self-sustained synchronous myo 
culminating in a generalized seizure 


] 


On many occasions during ustained convulsive seizure the patient would indicate by 


ropriate movement e | lips that he had heard and understood a question. While 

ponse under such conditions was ¢ It, simulating unconsciousness, responsiveness was not 
st during some closely observed seizures 

\ seizure could be easily elicited by passive movement at the elbow. On one occasion there 


llowed symmetrical clonic movements, head retraction, and deviation of the eyes to the left 
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clonic moveme adually became slowet Was app questions as 
soon as the 


For a variable period of inutes had been stimulated, was more 


difficult to elicit a furthe 


Laborat iminaiion he blood, ut and sputun led nothing remart 
able ! al reactiol lood wi 2 | ! pinal fluid was clear and 
under an initial 16 brospinal | wd lymphocyte per cubs 
millimeter; t otal 24 mg. gold curve was O1LOQQ0000 
Roentgenogran the 1 ds ches abnormality lectroencephalograms were 
abnormal on al casions 1 showed al 1 synchronou | as hronous bilateral spike 
and slow-w activity (Fig. 2 isual, acousti and loceptive stimull were 
tive in producing appropriately lized cerebral el ! | s. A sustained atter-discharge 
resulted from stimulation at a favorable rhythm and duratior stimulus. Detailed studies of 
the cerebral electrical chan and simultaneously recorded muscle action potentials 
mechanical records 1 tion to stimul | ] 

and 
1949, during a 
not permitted 
logical unit 
seizures of three year 


and inability to speak ot 


Histor tl sibling rother, aged ) as tinctly 
abnormal clectrs halogr: as well: a sister | had rheumatn 
lever 
Ness 1 : ases 4 
questionably abt : he father, an Italian, ag 
months hat al grandmother 
down’ s ago al ¢ ) ts ched at » advan ige and were 
unattected by us | ] | \ did not 
until the age o m hs did not walk VO \ the age of 18 montl Scholastu 

fourth grade twice \t 

ildren’s n, because 

vomiting lacl levation ature, and a speech disturbance He | rigidity 

of the neck and bi xaminatior he cerebrospu | vealed 93 wi Is per cubi 
millimeter, 65° hicl polymorphonuclear al was elevated to 


as one ot ree 


/ 
duration, inability to walk and impaired speech of 10 months’ duration, SE 
six week duration 
my. per 1001 Che course from all symptor ive residual “singsong 
Spec and a tendency to tall. One month later the patient experienced “weakne of the leg 
followed by a generalize Phere were eptsod sudden synchronous flexion of bot! 
inn Seizures occurred twice daily thereafter, despite ant vulsant medication, except for a 
irce interval mont atter which) five eiure ccurres ver a tw period 
beginning in November, 19049 lhese were iten initiated by a “dizzy spell vith an ensuing 
tall torward, fol ed by a generalized seizure; cot sti is lost tor halt an hour \) 
itaxic disturbance gait and dysarthria became apparent in Janua 1950, seven mont ifter 
the onset of seizure ind bet nereased in severity through the next five mont to a point at 
Which the patient w inable t t without support or to fe elt. Because of mability t 
A it, walk, tall fee mself, and because of stat epilepti the patient was admitted to t 
Childret Hospital, Boston, in May, 1950. Significant finding neluded pronounced nystagmu 
at a position of rest and marked dysarthria, impaired ordination, and myoclonu 
‘ Seizures thereatter continued to occur al t twice a day. kor the next 10 mont he wa 
ible t il it aor sit ilone be ilis¢ 1 pl wre \¢ iknic thi niece | rem il 
to bed in Januar 1951. In February, 1951, speech became more erky vallowing wa 
difficult; regurgitation through the nose was frequent, and in early Mar he stopped speaking 
but responded by appropriate head movement Py veceks before adn on he became totall 
unresponsive. Chrot of weight and dehydration necessitated readmission to the Children 
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big interval 
of one 1 
[ rt toot 
ecubitu dicated 
that he but not ‘ 
! tune, and could pertor putation but not erial sever During testing he 
hie wept mappr nity ibly. Hle could tingul colors and the face 
tthe examimer. Visual tre e tund: were normal in appearances Phe pupil ere 
ite ind ghtly unequal HR reacted well te light Phere was at scillating nvstagmus or 
tera Voce Va high-put ed, poor! modulated nid vsarthrn lhe gage refle 


criptior 


ri 


rigidity of movement anteroposteriorly, All muscles were diminished in size. He lay with bot! 
legs flexed at the p and knee and extended at the ankle both arms were tlexed at all joints 
ind adducte it t ouldet Fig. & ver part Motor power was diminished symmetrically 
it all nts to about 30% except that extension of the left kneé is weaker than that of the 
nvht inable t t alone but cou tand unsteadily ton whet ported Lhere 
Va marked impairment in performance of the tinger-to-nose test and the ‘heel-to-knee-to-toe’ 
test vith rhvthmic tremor, bilaterally wa plasty rigicdit the proximal jount 
Pwitching of the facial muscles occurre is did sucking movements ot the ly The grasp 
reflex was elicited easily from both hands. The jaw and deep reflexes were brisk; the knee and 
ankle jerk vere more active on the right than on the lett. Al minal reflexes were absent on 
the lett and diminished on the right. 1 plantar responses were extensor bilaterally. No detect 
sensation were found 
Laborator examination f blood and urme revealed nothing remarkable 
Hinton react I the blows va nevative hie erebi pina Wa clear and under ar 
nitial pre ; 100 mn { cerebrospinal flui It containe > white blood cells and 4.121 
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of Dr. Randolph Byer tf the Childret Hospital, Bostor 
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a seizure occurred after intermittent retinal illumination with a flashlight, but, despite many 


attempt ures were not produced by sound, traction on the limbs, or elicitation of the grasp 
retle le reflexes At this time, however, 11 spontaneous myoclonu iad ceased 
(sradually, 1 he following week f hospitalization he became fully oriented, and there was 
ich improvement in speech that he could manage conversation and song, even if impertectly, 
e of dysarthria. He became able to walk alone, but with ; astic gait. Plastic rigidity of 
oimts diminished, but generalized weakness persisted, 3 x or plantar 

he electroencephalogram remained diffusely abnormal (Fig. 3, lower tracings) 


\iter discharge trom the he spital he was confined to hi wl |! chair and was unable to 


dre himself. He did feed himself. There had been no further seizures 


Case 4 (¢ P., a female sibling of A. P. [Case 3|) Three electroencephalograms taken 


intervals of several months (big. 4), showed progressive changes in cerebral electrical activity 
The first (Fig. 4.4), taken at the age of 4 vears, she . | slow activity (1 to 
eps) mewhat in exce ‘ xpected in a child « IS ave Dec. 13. 1949 


(hig. 448) showed an increase in the amount and relative amplitude of y activity. The 


progressive increase in slow activity was further confirmed by the record « ‘ &, 1950 (big 

$(). One month later the patient had the first of several observed seizures. She would “blink 

roll her eyes back, twitch, and roll her head back.” Seizures were of 10 seconds’ duration and 
occurred several times a day 

(I). P., a female sibling of A. P. [Case 3]) Phis child had no known seizures. Two 

lographic records were obtained at an interval of abe wo ars. The first was 

rare bursts of © eps activi of briet duration, in all po Is the recording 

he temporal region (hig ). A lateralized “sharp spike” dischi occurred on 

(hig. 5B \ record obtained two years later (Fig 


ibnormal, with bilateral wide spre id, constant slow activity (abe ut 4 cps), 


amplitude with considerable “base-line 


Case 6 (R. P. a mal ibling « [Case 3 VIS ld had no known seizures 
Phe electroencephalogram wi ave for lateralized multiple “sharp wave” discharges 


(big 
COMMENT 


The three patients we have deseribed presented striking similarities in’ the 
yeneral pattern of their affliction. Whether or not the pathological process in the 
second family can be ultimately identined, we wish to emphasize the peculiar 
ignificanee of epilepsy in this setting and its relation to the larger problem of the 
nature and significance of “eryptogent epilepsy 

here was a conspicuous variability of seizure “form” from one member to 
another and even in the same patient, even though all three patients experienced 
veneralized seizures at one time or another Phis variability could at times be 
related to differences in the stimulus which provoked the myoclonus. It is assumed 
that “spontaneous” variation was likewise related to variations in the trigger 
stimulus 

Chis variability in seizure form is to be expected when the pathological process 
is that of chrome ditfuse neuronal disease. \ wide region of central nervous system 
is im unstable physiological condition, and the individual seizure depends for its 
form upon the prevailing stimulus pattern, rather than on the intensity of the 
pathological change in any one locus 

Sjogren “ found no instances of hereditary transmission of juvenile amaurotic 
fannhial idiocy Phe disease is familial rather than hereditary. The disease in 
Family [| corresponds to this strict familial pattern. In contrast, Family II has 


members in two succeeding generations with seizures, establishing its hereditary, 
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as well as familial, characteristics. Grinker and associates '™ described a family 
with myoclonus epilepsy in which both the patient and an aunt exhibited deteriora 
tion with myoclonus. 

The pattern of clinical disorder and its mode of development strongly suggest 
that chronic diffuse neuronal disease exists in Family Il. The presence of self 
limiting seizures of childhood in the parents therefore suggests the possibility of 
more benign arrested forms of neuronal inclusion disease (lipidosis | 7]), which 
may be transmitted from one generation to another with variable potentiality for 
manifest disease 

The habitual posture, facies, and speech of the severely affected members of 
both famihes were essentially the same. [ach of them showed a facies charactet 
istic Of pseudobulbar paralysis, with marked dysarthria, progressing to aphonia, 


and a rigid posture, while standing, of flexion at the neck, trunk, hip, and knees 


(CASE 6) a6 


16(R. P 


flexion, with flexion the tingers ; xtension 

was in bed, the flexed posture was accentuated, 

and plantar X10 ankles became evident. Sjogren“ described the same 

posture, lacies, an speech as characteristic of the late staves of juvenile amaurotu 

fannuhial idiocy ese gross detects of speech and posture are the usual issue of 

myoclonus epilepsy and juvenile amaurotic familial idiocy and stand ino marked 
contrast to the benign course of simple cryptogenic epilepsy 

Phe early abnormal electroencephalographie changes seen in patients with myo 

clonus epilepsy and their siblings may take a variety of forms, e. v., rare, brief 


symmetrical paroxysmal bursts of slow activity of good regularity (Fig. 5.1); 
lateralized (Fig. 5/)) or localized (hig. 52) spikes, or widespread continuous 
regular slow activity (Fig. 42), the last form simulating the slow activity charac 
teristic of the normal electroencephalogram of the young. In the four patients with 

I5a. Grinker, R. R.; Serota, H., and Stein, S. I Myoclonic Epilepsy, Arch. Neurol. & 
Psychiat. 40:968-980, 1938 
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activit f variable requeney characterized the records 


velopment of 1 s (Figs. . ) 


generally recognized that a I number of patients with simple epilepsy 
deterioration Hodskirs and Yakoviev described the 


terioration, which results in a posture, gait, and term 
very similar to those in our own cases and those ot 


f interest that in the fe simple epilepsy with progressive 
deterioration im which pathologica are available di 
described \ 13-year-old be 


were 
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cortex and dittuse lesion 


nudbram. In the third and titth lavers of the « 


nerve cells contamime material which stamed bright red w 


wollen cells with eccentric nucle: and pal toplasm were 


Phe same author man aged ¢ who had « xperienced 
eizure at the ag tS) and underwent severe neurosomatic deterioration 


prior to death. There had occurred diffusely distributed nerve cell los 
in the cortex with mtracellular inclusion material. The third laver was particularh 


atfected. Swollen and shrunken nerve cells with cell | 


ss and gliosis also occurred 


sely throughout the basal ganglia, 


h pothalamus, and lower portion ol the 
Was prominent atherosclerotic change of cerebral vessels 
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» Cases, thid. 27:113-137, 1932 
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Courtots described brietly the findings in a case of chrome epilepsy with 
deterioration as those of “diffuse cortical sclerosis and lesions of an inflammatory 
nature in the region of the basal gangha and medulla 

Urechia and Mihalescu 'leseribed a 43-year-old patient with chronic epilepsy 


whom a “Parkinsonism” syndrome developed; in the brain were found dittuse 


gliosis in the bs 


uit unspecified, change ccurred in the cortes 


tucl 


pate 
| / ( Photor rograph of t thire it rebra te Phe froze 
cell | chromatolytie change gangha, substantia nigra 
Courtoi \ vndrome comitie irkinsonte anatom que, ‘Thesi Paris. 
1Sd. Urechia, C. I., and Mihalescu, S.: Epilepsie et parkir e: Examen anatomique, Res 
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That neuronal lipidosis may first manifest itself in middle life is shown by the 
case of Kufs,’” in which onset was at the age of 42 and death at the age of 59. 
Ditfuse neuronal lipidosis was demonstrated histologically. 

Christensen and Krabbe,'? Morse,'* and Ford and associates '" have recently 
called attention to a group of cases occurring among infants and young children 


representing a disorder the final anatomical manifestation of which 


damaye and destruction of nerve cells 


is diffuse 
Changes in the white matter are secondary 


patient’s habitual 


lo. Kut HH Uber emen Fall 
Neurol. u. Psychiat. 137:432-448, 1931 
17. Christensen, E., and 


von spatester Form der amaurotischen Idiotie, Ztschr 
Krabbe, K Poliodystrophia Cerebri 
Report of a Case, Arch. Neurol. & Psychiat. 61:28-43, 1949 

18. Morse, W. I Hereditary Myoclonus Epilepsy 
Bull. Johns Hopkins Hosp. 84:116-133, 1949 

19. Ford, F. R.; Livingston, S., and Pryles, C. \ 
Gray Matter in Childhood, J. Pediat. 39:33-43, 1951 


Progressiva (Infantilis) 
Two Cases with Pathological Findings, 


Familial Degeneration of the Cerebral 
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to the degeneration of the gray matter; this degeneration may involve gray matter 
ditfusely or may be relatively contined to the cerebral and cerebellar cortex 
Freedom,*! in 1931, reported the clinical and pathological findings in the case of a 
girl aged 19 who had been retarded in development trom birth. She was demented 
and had exhibited myoclonus and seizures since the age of 5 vears. Plantar 
responses were extensor bilaterally. She walked with legs semitlexed at the knees 
The terminal posture was one of flexion contractures of all extremities. There was 
pronounced diffuse nerve cell loss with gliosis im the cortex, striatum, pallidum, 
thalamus, hypothalamus, and dentate nuclei. In none of these cases, save one, was 
there any apparent relation to neuronal lipidosis ; Alpers ** illustrates and comments 
upon the presence of large amounts of intracellular and extracellular fat in the nerve 
cells of the basal ganglia in his case. The disorder is characterized by a progressive 
course, beginning very early in the life of the child. Descriptions of seizures, myo 
clonus, “hyperkinesis,” ataxia, dementia, paralysis, and spastic flexion contractures 
hgure prominently im the protocols. There is no evidence of anoxia, birth injury, 
Intoxication, or inflammation. The disease may occur as a familial disorder We 
would emphasize the uniform finding of myoclonus, nearly always in association 
with epilepsy, in these patients with diffuse degeneration of the cerebral gray matter 
\lajouanine and van Bogaert *! have reported on two patients aged 61 and 62, 
respectively, with a progressive cerebral disease which terminated in four weeks 
with hyperthermia in one patient, and in four months with cachexia in the other 
In each there was sustained spasticity of all extremities and of the trunk, neck, 
and face In each there were paroxysms of generalized synchronous myoclonus, 
which were precipitated by slight movement, tendon taps, sound, or flashes of 
light. Systematic pathological examination revealed only a relatively diffuse glial 
proliferation with variable scattered nerve cell loss. Phere was sigiuiticant 
demyelination, The authors believe that the lesions are quite distinct from those ot 
subacute sclerosing leucoencephalopathy. Here, too, the symptomatology is that 


of ditfuse nerve cell disease 


The recent. descriptions of “subacute inclusion encephalitis” by Dawson“; 
Brain, Grreentield, and) Russell and Martin, Macken, and Hess have drawn 
attention to a type of ditfuse cerebral degeneration in children, ending fatally in 
periods varying from nine weeks to two years, associated with myoclonus, epilepsy, 
and rapidly progressive tvpe of neuronal disease, in which intracellular inclusions 
are associated with myoclonus epilepsy. In supposed and proved cases of subacute 

Christensen and Krabbe ore r and Pryle 

21. Freedom, | Cerebral Biri alsies \ Contribution to Pathology witl 
Report of ither Undescribed rm, Arch. Neurol. & veliat. 26:524-548, 193] 

Alpers, B. J Diffuse Progressive Degeneration of the Gray Matter of the Cerebrum 
Arch. Neurol. & Psychiat. 25:469-505, 1931 

23. Morse lord and as 

24. Alajouanine and van Bogaert, | Sur une affection caracterisee par une contracture 
tetanoide ditfuse avee hypercinesies variables et a evolution subaigue mortelle, Rev. neurol. 82: 


21-33, 1950 


ociate 


25. Brain, W. R.; Greenfield and Russell, S Subacute Inclusion Eneephaliti 


(Dawson Type), Brain 71:365 


26. Martin, | Macke J., and Hess, k 1 neeph ubaigue, ayant les caracteres 


de la leuco-encéphalite sclerosante, ave Ns rch. Neurol. u. Psychiat. 66:217 
260. 1950 


385, 148 
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inclusion encephalitis of this type, Cobb and Hill ** described electroencephalographi 
disturbances characterized at one time or another for a particular patient by a 
ysmal complex of high-voltage slow waves showing a tendency to periodicity 
disease progressed. In the early stages of the disease diphasic or polyphasi 
pikes were seen in the frontal regions. Radermecker ** illustrated a similar elec 


troencephalographic disturbance in a case of “subacute s« lerosing leucoencephal 


opathy.” Cobb and Hill regarded their electroencephalographic findings as “spr 


ciie” for the condition of subacute inclusion body encephalitis 

In cases of the progressive “subacute sclerosing leucoencephalopathy” of van 
Bogaert,” myoclonus, seizures, and sensitivity to stimuli of various types are fre 
quently encountered In this condition there occur electroencephalographic changes 
which are essentially the same as those deseribed for subacute inclusion body 
encephalitis. Gray, as well as white, matter is diffusely involved in this disorder, 
and inclusion bodies of the type deseribed by Dawson for subacute inclusion body 


encephalitis have been found in some of the cases 


Cobb, Martin, and Pampighione have deseribed a common electroencephalo 
vrapluc disturbance which occurred in 12 patients under 9 years of age with cerebral 
lipidosis, the presence of which these authors believe make the diagnosis of cerebral 
lipidosis very probable. Two adult deteriorated epileptic patients with lipidosis did 
not show these eleetroencephalographic changes. Most characteristic are high-volt 
aye triphasic waves without constant focus, but oftenest widespread and bilaterally 

hronous h al elec troencephalographic cisturbanc corresponds very closely 


to that occurring in our Case 2 (Fig. 2) 


Thus, several distinet propositions have been put forward in relation to the 
question of diffuse intracellular nervous disease: First, there are specific electro 
encephalographic changes for one or anothet type ot pathology, mter alia, lipidosis, 
acute inelusion body encephalitis, and myoclonus epilepsy. Second, myoclonus 
epilepsy itself is indicative of a specific pathological process (e. g., juvenile amaurotic 
fanmbial wdiocy). Third, myoclonus as a phenomenon is diagnostic of one or another 
type of these diseases. Our impression is that in these settings myoclonus and 
epilepsy are symptomatic and relate only to the presence of a diffuse intracellular 
process, regardless ol its nature 

Without necessarily disputing the highly characteristic appearance of the electro 
encephalographie changes described by Cobb and Hill ** as occurring with subacute 
inclusion body encephalitis, we would poimt out that in our records, obtained from 

27. Cobb, W., and Hill, D Kleetroencephalogram in Subacute Progressive Encephalitis, 
train 73:392-404, 1950 
28. Radermecker, | Leucoencephalite subaigue sclerosante avec léstions des ganglions 
hidiens et des nerfs, Rev. neurol. 81:1009-1017, 1949 
29. van Bogaert, | Une leuco-encephalite sclérosante subaigue, J}. Neurol., Neurosurg. & 
Psychiat. 8: 101-120, 1945 

30. (a) Radermecker, J., and Macken, J \spects electroencéephalographique cliniques 
de la leucoencéphalite scléerosante subaigue, Rev. neurol. 85: 341-370, 1951. (/) Martin, Macken, 
and Hess.“® (¢) Macken, J., and Lhermitte, F Etude clinique et anatomique de la “leuco 
encephalite sclerosante subaigue”: Sa place parmi les encéphalites, Bull. Acad. roy. méd. belgique 
205-321, 1950. (d) van Bogaert.*" 

31. Cobb, W.; Martin, F., and Pampiglione, G.: Cerebral Lipidosis: An Electroencephalo 
graphic Study, Brain 78:343-357, 1952. 
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a patient with juvenile amaurotic fanuhial idioey (cerebral lipidosis), there were, 


at times, paroxysmal slow-wave complexes, which tended to become periodic ( Figs 


Zand 6). There were triphasic and multiphasic transient complexes which were, in 


form and distribution, very simular to those reported by Cobb anc and Radet 
mecker in lipidosis, inclusion body encephalitis, and leucoencephalitis here 
were in the records from our case with cerebral lipidosis periods of relative electrical 
inactivity simmlar to those deseribed as occurring with subacute encephalitis. In 
neither disease process is there an exclusive correspondence of periodic electro 
encephalographic discharge with climeal myoclomie phenomena Phus, the tinding 


of similar electroencephalographic phenomena in verified cases of cerebral lipidosi 


and verified cases of subacute inclusion body encephalitis suggests to us that the two 


disorders are not a 


ways separable on the basis of electroencephalograplic tindings 


alone. We theretore regard these electroencep! alographic changes also as Svinpto 


matic of this whole class of disorders. .\t present, only the course of the illness and 
the rapidity of degenerative changes give any diagnostic indication of the actual 


nature of the intracellular disease 


Phe above considerations lead us to conelude that myoclonus epilepsy is_ the 
distinctive feature of a series ot types ol degenerative encephalopathies, ranvinyg 
from subacute inclusion body encephalitis through the more chronic juvenile 
amaurotic familial idiocy and related lipidoses to the mildest of chrome or arrested 
states appearing at any age Phe common feature of all these disorders is diffuse 
primary degeneration of nerve cells. The development of myoclonus and epilepsy 
in childhood, in association with a progressive pseudobulbar disorder and quadri 
plegic rigidity in flexion, and with a fannhial history, is characteristic of juvenile 
amaurotc familial idiocy. In such a setting the syndrome is striking and unique 
Phe second family reported here shows, in addition, however, that delayed and 
arrested forms of such conditions may occur, in which some or all the characteristic 
features are absent. Yet in these cases, too, the same pattern of disorder implies the 


presence of ditfuse intracellular disease 


We beheve it to be an important impheation that not only these patients with 
similar syndromes, but also the small proportion of patients with chronic epilepsy 
undergoing “neurosomatic deterioration,” represent a group of chrome ditfuse 
neuronal cellular diseases. Although various types of cellular inclusions have some 


times been found in cases of myoclonus epilepsy, as in Lafora’s cases “" and in 


cases reported by Hodskins and Yakovlev," whenever such syndromes occur, 


neuronal lipidosis may be suspected 

This, in turn, raises the question whether the common occurrence of myoclonic 
phenomena in cryptogenic epilepsy also represents the presence of such neuronal 
disease. One approach to cryptogenic epilepsy postulates a focal lesion of the 
nervous system in nearly every case Phough this question cannot be settled on 
present evidence, we suggest the hypothesis that the syndrome of degenerative 
myoclonus epilepsy, and probably any type of unlocalized myoclonus associated 
with epilepsy, is evidence of the presence of a class of disorder which in more florid 
form can be recognized as “diffuse intracellular neuronal disease.” 
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SUMMARY 


lwo fanulies exhibiting the syndrome of progressive myoclonus epilepsy are 
deseribed, Two siblings of Family [ displayed the typical syndrome of progressive 
familial myoclonus epilepsy of the type described by Unverricht and Lundborg 
\n atfected member of Family [| was found to have diffuse neuronal lipidosis 
cerebromacular degeneration”). Neither of the affected siblings had visual defect 
or pathological change in the fundus 
Family If ditfered from Family | in’ several important respects: 
attacks in the form of self-limiting seizures of childhood occurred in one genera 
tion, and partial or arrested forms of the syndrome, in the other. The syndrome 
followed a more benign and remitting course than that in Family I. The patho 


logical process in the second family was not verified, but a review of the problem 


of myoclonus epilepsy indicates that it uniformly results from) diffuse neuronal 
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the sexe \ ilso be 1:1 regard 1 the sex ot the atrected grandparent Iwenty whomen 
bers were can 
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frustes would be inconsistent with any known type of inheritance. The 


observations 
made during previous studies has shown that the 


disease was apparent only in 
the children of members exhibiting true progressive diseas 


In other words, the 
neurologic signs manifested by these members ¢ 


Group 4+ existed without the 


presence of the gene and hence was not a genetic trait. Therefore, it would be 
impossible for them to transmit this static abnormality. The hypothesis that 
these members represent cases of “formes frustes” of the disease does not explain 
the distribution of the cases, for we would expect them to occur with as great a 


frequency among the children of affected males as among children of affected 
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females. Neither were the data consistent with types of any of the well-detined 
sex-limited, sex-influenced, or sex-linked inheritance or on the basis of selection 


lhe preceding information has been presented in an effort to show that there 
are measurable ditterences between the progeny of male and female ataxic members 
These studies failed to uncover the exact mechanism wherelw these differences 
were produced. However, because these differences have been demonstrated, there 
are some important consequences: First, the neurologic signs prior to the onset 
of ataxia would have little significance should the child have an affected mother ; 
1¢., they could not be used as premonitory signs of the disease. Second, the 
existence of this phenomenon apparently has a bearing on the interpretation of the 
clisease process 

Veurologic Signs in Groups 5 and 6.-In these two groups there were members 
who were still in the risk zone but who did not show signs of progressive disease 
It would be important to detect those who are gene carriers, i. e., those in whom 
itaxia wall later develop. Theoretically, 50% of these groups are carriers; in other 

ords, every member has a 50% chance ot development of ataxia. Both groups 

exhibited neurologic signs, as shown in Table 1. The fact that we discovered a 
phenomenon which increased the measurable neurologic signs in persons born of 
atfected females made the interpretation of Group 6 very difficult. As a conse 
quence, all the signs found in Group 6 could not be relied upon as indicating the 
presence of the “ataxia” gene, as the mother was the affected parent. Only it 
additional signs were present could a member of Group 6 be suspected of being a 
carrier, Thus, in this group, of 20 members, if we are not too rigid in the intet 
pretation of the test “tandem stand with closed eves,” which, as a matter of fact, 
cannot be performed very well in a random sample, the following nine members 
did not display this sign: V-13, V-14. V-15, V-17, V-34, V-43, V-49, V-50. and 
I\-38. We are inclined to consider it less likely that these persons will have 
hereditary ataxia than will the nine members who were unable to stand tandem with 
their eves closed and had, in addition, cerebellar signs and pathologic reflexes 

\ congenital weakness of some extraocular muscle, present in \V-2 and V-16 
prior to onset of their ataxia, was considered a significant premonitory sign. It 
was present in V-35, V-45, and VI-4 and in two children of IV-14, who were not 
examined, Large pupils was also interpreted as an important sign, but its presence 
was usually constant within sibships, e.g.. V-30, V-31, and V-32. This method of 
analysis gives a rough 50:50 division of the group, which corresponds to. the 
theoretical expectation. It is admitted that the procedures by which we identified 
these members was purely one of trial and error. Only by observation of this group 
for at least 10 vears in order to see in whom ataxia will develop can the value of 
these interpretations be determined 


In Group 5, in which each member had an attected male parent, signs of 


pyramidal tract involvement are probably of greater consequence. Therefore, we 


considered it likely that V-31 and \V-54, who had cerebellar signs, were likely to 
have ataxia 
SUMMARY 
Members of a large pedigree showing hereditary ataxia were examined neuro 
logically. The 62 available members having an affected parent were classified as 


(1) persons who exhibited true progressive hereditary ataxia, (2) those who had 
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passed the risk zone, or those who had reached the age of 35, without exhibiting 
signs of progressive neurologic disease, and (3) those who were within the risk 
zone and who at the time of this report did not show any sign of progressive 
disease. This risk period was defined as between 17 and 35 years of age. Each of 
these three categories was divided according to whether the affected parent: was 


a man or a woman, the classification constituting six groups in all 


When the essential differences in the groups were subjected to a_ statistical 


analysis, certain significant differences appeared. Attected members who had an 
affected mother showed evidence of severer disease and a shorter course on the 
average than did members born of affected male parents. In members past. the 
risk zone in whom we can be reasonably sure that the true progressive disease will 
not subsequently develop, there appeared evidence of nonprogressing neurologic 
abnormalities among those having a female affected parent, while this was not truce 
of those having a male parent with the disease 

These measurable neurologic signs among all progeny of female ataxic patients 
interfered with the detection of signs which may have been useful in identifying 
members destined to have the disease in the future. It was difficult, therefore, to 
determine whether this “maternal effect” was producing neurologic signs in this 
group, or whether we were influenced by the statistical finding that 50% of the 
patients would subsequently have the disease. Nevertheless, a few signs were 
selected as premonitory, which may or may not prove useful in predicting impend 
ing ataxia; the value of these observations will depend entirely upon whether the 


disease actually develops in these members whom we chose 


be 
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o barbiturate intoxication have yielded considet 


thle information on physiological functioning,’ intellectual impairment, and 
personality change during ( e of addiction Phe present study is an 


ittempt to add to this imforniaty by delineating several aspects of readiness to 


respond (motivation) and muscular coordination during the course of chronic 


Intoxication with certain barbiturate ind during the periods of withdrawal ot 
drugs and of recovery from the drug ettects 

Clinical studies from this laboratory ' have amply shown that acute or chrom 
ntoxication with large amounts of barbiturates (secobarbital, pentobarbital, amo 
barbital) produces nystagmus, mecoordination, ataxia in gait and station, and coarse 
tremor the hands. The muscular incoordination of intoxicated persons ts 
bvious that the measures obtained in the present study were recorded mainly tor 

of quantification and) comparison. tlowever, the effects of changing 

motivations upon the disorganized behavior observed during intoxication and with 
drawal have not been inve stigated 

Changes in simple reaction times to visual stimuli, when the foreperiod, o1 
delay time between warning and stimulus lights, was varied in randomized order, 


provided the data on one particular tvpe of motivation. Recently, when considering 


this reaction, Poulton,’ Davis.* and others have placed emphasis upon the develop 


The climeal, biochemical, and physiological findings in tl study will be reported later by 
Ht. Fraser, H Il, A. J. Eisenman, and A. Wiklet 

From the United States Department of Health, Education, and Welfare, National 

Mental Health, Addiction Research Center, Public Health Service Hospital, Lexington 

Ishell, H Altschul, Kornetsky, HH Flanary, H. G 
Fraser, | Chronic Barbiturate Intoxication \n Experimental Study, Arch. Neurol 
Psychiat. 64:1-28, 1950. Isbell, H., and Fraser, H. | Addiction to Analgesics and Barbiturates 
J. Pharmacol. & Exper. Therap. 99:355-397, 1950 

Kornetsky, C. H Psychological Effects of Chronic Barbiturates Intoxication, A. M 

\. Arch. Neurol. & Psychiat. 65:557-567, 1951. Wikler, A Sites and Mechanisms of Action 
of Morphine and Related Drugs in the Central Nervous System, Pharmacol. Rev. 2:435-506 
195); Mechanisms of Action of Drugs That Modify Personality Function, Am. J. Psychiat 
108 : 590-599, 1952 

3. Poulton, E. ¢ Perceptual Anticipation and Reaction Time, Medical Research Council, 
Applied Psychology Research Unit, Cambridge, England, 1950 

4. Davis, R. ¢ Set and Muscular Tension, Indiana University Publications, Science 
Series No. 10, Bloomington, Ind., Indiana University Bookstore, 1941 
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\ 
mient “set re respond Phe efticien the 
upon the preparatory behavior that occurs immediatel prior t 
trmulu I meciatel bsequent t in unexpected stimulu 
detining ti readiness t respond Phe latter ih) 
lor interpreting some of the findings on former opiate addicts (i 
harbiturate int tion: and the ten motivation et ind “reading to 
Tes] na vill bye used Hite ingveal 
it quite evident, however. that chaner nomot tion are not responsible for 
ll changes recorded in reaction time. The behavioral history of the organism 
determing hether it can respond in anv circumstance ind the immediate physi 
logical condition determines to what degree it can respond at a particular time 
Phe immediate situation and the condition of the organisi determine the —_ 
ind time of urrence ot the response Phe cl ind momentary leved 
tion n fers nsideration of &xnerimental 
res] 
In the present) study, motivational conditior CTC 
ME. te) the various foreperiods were evaluated as being due to motivational 
It not ] ble to alter motivation to an extreme degree. as 
MES) current studies on the effects of morphine, in which drue reward 
it vith peed there ore could determiune 
vhicl perionri ince could he Overcome 
expected when chronic barbiturate users opr’ 
iter abrupt withdrawal of drugs. and (, 
APPARAT \ND | 
and narcotn rug olunteere lor the Narcotic drug vere 
over a pel 1 14 da ind addiction te barbiturate is continued by 
the different subjects in ar 
Kantor, J. R.: Toward 5: 225-27 
. 1942 


parable levels of intoxication. Maximum chron oxication was continued trom 35 to 90 days 


depending upon climeal conditions, and the dose the last two weeks chromic intoxication 


ranged from 0.9 to 2.2 gm. a day 


Lach man was tested at the same time each d: usually immediately prior to tl 
medication lesting was begun two weeks pri o the withdrawal date and was continued 
vith daily sessions when possible, (a) during the last week of addiction, when stabilization on 
the drug dosage had been assured, and (/) after withdrawal of barbiturates, and was c neluded 
r recovery trom drug effects had oceurre 
Iwo pieces of apparatus were employed. Simple visual reaction times, using four foreperiods 


(one, two, four, and eight seconds), presented in randomized order, were recorded by means of a 


chronoscope and supplementary imstruments, which have been deseribed in an earlier paper 
horty responses were taken at each session. The first 20 reactions were separated from the 
econd 20 by administration of 10 trials on a test of muscular coordination 


\pparatus for the test of coordination consisted of a vertical tracing path, which the subject 


vas istructed to negotiate without touching the sides Iwo 18 in. brass-edged rulers were 


ecured to a vertical piece of plywood, separated at the lower ends by 1 in. (2.54 cm.) and at 
the upper ends by 1/16 in. (1.5 mm.). The area ot plywood betweet rulers was entirely cut 
away, and the brass « > and metal-tipped stylus were wired to a battery. The subject was 
cated m tront of the board, which was at wi level, and was imstructed to raise the stylus 
owly as high as possible without touching her side. When contact between stylus and 
ruler occurred, a neon light flashed, and the experimenter recorded the distance traversed im 
inehe kach subject was given 10 trials, with no rest pertods, accompanied with cautioning to 
maintain the arm fairly straight, with the thumb on top of the stylus, and not to support the 
arm by or 


In tollowing the course of changes m= readine o respond and muscular coordination, each 
man was used as his own control For each subject, mean measures of reaction time and 
coordination obtained during addietion and durt $ days followmg abrupt withdrawal ot 
the drug were compared with those recorded atter recovery (three to five months after abrupt 
withdrawal of drugs). These several conditions are presented m Tables 1, 2, and 3 and Charts as 
“Tntoxication Withdrawal and Recovery The withdrawal condition, indicated in Chart 
la Davs of Abstinence was divided into the seven parts shown in Table 1, each part usually 
covering a two-day phase 

In addition to comparisons o iction times of the various phases, comparisons were 
made of reaction times recorded tor ur different toreperiods within each phase. This was an 
ittempt to evaluate differential sensitivity during each of the conditions. It was found that two 
econd foreperiods produce shorter me action times than the on tour-, or eight-second fore 
period Phus, deviations trom tl order ¢ {ft} \ ld e that changes had occurred 
in preparatory set, or readiness to respond 

\ a check on the reliability of the measures obtained after ‘ reaction times and 
coordimation scores were obtained on a control g ip ot postaddicts w hi t received drugs 
tor several months prior to the test 

Statistical significances of differences were obtained by using the difference method.’ If 
tandard deviation (measures ot seatter) are significantly different, or if the distribution of 
cores 1s not normal, the use of the ¢ test im assavine the difference between means mav be open t 
question lL heretore mi the present study the reliabilities of the / values were checked by 


nonparametric technique They were tound to be in close agreement 


It should be emphasized that testing was accomplished, often with considerable difficulty, 


immediately prior to the administration ot the 2 p.m. medication, when the patient was function- 


ing at an optimal level. Not mtrequently he + transported to the testing room in a wheel 


Hill, Kornetsky ani H. G., and Wikler, A Studies on Anxiety 
\ssociated with Anticipation « ‘ thects of Morphine \. M. A. Arch. Neurol. & 
Psychiat. 67:612-6019, 1952 

Kdwards, A. Experimental Design Psychloogical Research, New York. Rineh 
& Company, 1950, p. 276 

10. Mann, H. B., and Whitney, D. Ro: On a Test of Whether One Variable Is Stochastic 
Larger Than the Other, Ann. Math. Statist. 18:50-60, 1947 
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whon umes obtamed three to five months subsequent to withdrawal of the 
appear to be “normal.” Lhe order of efficiency of the various delay periods 
is that expected under control conditions; the two-second delay is most efficient, 
tollowed, re spectively, by the one-, four-, and eight-second delays. As can be observed 
mn lable 2, varying the toreperiods produced significant changes in reaction time, 
three of the six comparisons showing less than the 5% level of confidence and one 
less than the 1% level of confidence when a two-sided distribution of ¢ was used 
During the intoxication period no differences of statistical significance were 
obtained by varying the foreperiod. [lowever, it will be observed in Chart 1 that 
all reaction times were greatly lengthened and that there was a comparatively 
sight trend for the short and the long foreperiods to be relatively more difficult 
The tirst phase of withdrawal was also analyzed in this way. It can be seen 


that the order of efficiency of the various foreperiods was very different from that 
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vement in coordination It is also apparent t1 
Fable ind irt 2 th sensitivity to differences in the motivation that was used 
tor reaction time in thi idy returned during the first davs of withdrawal, whereas 


there was no improv tin coordination 


ditheult produ Nn increase im the latency 
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times | behavior Regardless of the variable 
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inference supp by current studie 

although reaction times orded under usual instructions are significantly slowed 
one hour after injections of 250 mg. of pentobarbital, such impairment disappear 
when subjects earn drug rewards that are commensurate with quicknes 

Rank-order correlation coefficients for imtoxication show that there was no 
relationship between dose level and reaction time for our subjects, and a. slight, 
nonsign nt sitive relationship between dose level and coordination score It 
was also shown that there are a zero of hehtly negative correlation between the 
two tests un control conditions and a reliable positive relationship during drug 
condition us, during intoxication these tests measure some common factor 
but during nondrug conditions they do not 
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t would thus appear that barbiturate ers may be extreme hazardous machine 
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! further attempt at separation is considered impractica At best, | wrificing Twin 2 
iral flap trom the lateral aspect of her right hemisphere n t have been reflected medially 
er the ipertor hemisphere of Twin 1 and tured medially to the dural shelf. There ld 
the ive been a vet irge area of dura to be covered | kin flay Phe venous communica 
! le ive pr need the perat 1 d them blockage might ive ead t cortica lla t 
| their detertorating condition is belrved that the mfant vould not irvive even mu 
erative interventios et alone i major procedure 
Mecause the separation en the deat fone twu ecmed imminent 
\l I] per pertormed an angiogram t etermine the ve raimave of the emis ere ; 
fronyger twin 
n | is anesthetized with ! ! ind an endotracheal tube wa nserted ay 
propane and oxygen anesthesia continue Vite i preliminar intradermal test, thre it 
t ret irtery of | m | is exposed am test mypectioar 1S cc of 29% 1odopvracet 
Pyel is made, without untoward result Phe same amount of 350 todpyracet is ther 
te nd eight anteroposterior filn ere taken during the next seven second 
\t the conclusion of the injection ther is pronounced tlushing of the tace nm thy ! 
tion and the child made a deep inspiration, after which there was 1 pontanes 
tion. The eyanotie skin became of a eras w, and no pulse or cardiac impulse could be detectes 
t me delay, intracardiae epinephrine is vivel but as tl tailed t stimulate the 
in) thdamunal ineisier © al cardiac massage commenced, After 20 
! rrevgular contractior ccurre nd a regular 1 thn Va n estal 
hsequent respiration Commences pontancously 
e first film ed the proximal part i both anteri erebral and both middle cerel 
tern lhe lett posterior communicating arter ind part of the basilar artery were seer Thi 
fillis ta essels increased during the next second, the whole of the basilar arterv and the two 
ertebral arteries being evident (Fig. 3.1). No posterior cerebral arteric vere seer 
ent films the filling of the left middle cerebral arterv regress lig fy so that the larg: 
tal branche Vlich had previously bee een, no longer filled and only the poorly. filled 
! mal part i cen. In contrast, the right middle cerebral artery and the anterior cet bra 
tern ere well filled. During the fifth second, arteries were still to be seen in the per el 
the right hemisphere, together with a diffuse shadow weesting filling of small y el 
tl ide, but no corresponding filling occurred on the left, the side of injection. The left internal 
rotid artes md the basilar artery were still filled. In the next films the vein n the right 
ere seen to be Mi] the basilar shadow disappeared. At the end of seven second 
and the genu off left inter carotid artery were seer 
thus, the cerebral circulation was extremely slow, largely due to failure in cardia tput 
| r 1 thre maller branche 1 the middle cerebral artery n the sick inject 
ggested that these arteries presented more resistance.to flow than other ind their early 
disappearance weested the arterial spasm. The tilling of the basilar arter 
cated that the resistanee to retrograde passage into this large artery was less than that int 
t terior cerebra rter ind, le directl to other cerebral arteries. This condition ma 
rity t irrest of cardiac ictivity, | vit spast 1 ve el 
bor several da | remain ind she became nad remaimed, the smaller 
twin, leading to a striking reversal of the previeus appearance. A e became more cons 
metus r rigidit viv developed, tirst in the lett upper limb, then in the right limbs. ar tina 
mm the lett lower limb. Fitteen day ‘iter the angiogran were taken Twin 1] was in a state 
ecerebrate rigidit Phe plantar response vere of extensor type. The temperature 
twin was elevated, and. although the eharts ere more r le parallel, the temperature 1 
| n | i isually higher than that of (1 n 2.) kinally n the meht of Jan. 4, 1951, the 
temperature of Ewin l reached 1061 nd that of Twin 2, 105 1 | 1 ther widenly vomite 
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a) anid) died immediate! ifterward. Twin 2 died within minutes. The 
death of the sec oon atter the first 1s probably evidence of the gag of the circula 
1 anastomosis, the living twin bleeding into the vessels of the other 
Postmortem fexaminatios Postmortem examination of the twins Hie presence ot 
ivy sis. and t may be presumed t ave been a contributo m_~—<ns,-;: of death. The 
terior of the lung Twin ] showed pneumome consolidation, on micre 
copie The lungs of Twin 2 showed merely edema. No inic 
thot is in the central nervou ystem, al deseriptiot the ecropsy will be mnited 
ty the structure of the brain and its covering } developmental anomalies were found im 
the viscera 
/ 
9 
5 
‘ 
j te 
— 


bellum and termin 
the apex of tl rel um of ea WI ut TW » tl olds was heaped up 
onding vertical 

The ridge Wa 
thickest at its ay vl it w pier \ v1 bral veims nall told of dura, the 
tfalx cerebelli, ra losing ats h ‘ or dura 
Venous sinuses 1 along tl ses of all tolds no terms of normal development, the ridge 
seemed to represent rudimenta hion, th al portion tentormmm. More deti 
nitely, the diverging portior hie | ds preset al portions thr 


lig. 5 Posterior aspect of the two brains (Twin 1 below) 


Study of the lateral aspects of the brains showed a shelf-like process of dura extending trom 
the lateral wall « Kull to the median plane, between the right cerebral hemisphere of 
| and the lett cerebral hemisphere o (hig. 6.1). Posteriorly it fused the 
previously described vertical fold on the near side. krom the median tree edge of the anterior 


| between the frontal lobes of Twin 1 (Fig. 68) 


part of this shelf a talx extended downware 
It curved in of the genu of the corpus callosum, to be attached to the crista gall, below 
There was m wosteriorly, nor was there any dural partition between the two hemi 
spheres of Twin 2 ‘ o dural partition between the left hemisphere of Twin 1 and 
the right hemisphere of Twin 2 (bigs. 5 and 68). The superior surfaces of these hemispheres 
were in close apposition but could be separated. Anteriorly and posteriorly the plane of cleavage 
was more clearly defined than laterally, where horizontally directed veins concealed the joined 
edges. (The largest of these veins was that seen during the operative exposure.) The gyri of 
each twin interdigitated to a considerable extent, and could be separated after the arachnoidal 
membrane on the surface and the many web-like filaments of fibrous tissue running between 


the two hemispheres were torn 
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It may be remarked at this point that the lateral aspect of the combined hemispheres was 
deeper (from base to base) on the side with the dural shelf than on the side without. This 
corre ponded with the greater ear-to-ear distance on the right side of Twa l 
fhe anterior, posterior, and superior surfaces of the brains were tlattened. This squaring-ott 


of the hemispheres led to distortion of the normal pattern. The frontal and temporal lobes made 
up a very large portion of the lateral aspects of the hemisphere The parietal lobes contributed 
only a small triangular area, most of the parietal cortex being on the superior surtace. The 
occipital lobes appeared deep, but small, in anteroposterior extent. The usual major convolutions 


could be distinguished, although there was a great deal of asymmetry (compare the callosal 


and cingulate gyri in Figure 8). The ascending trontal convolution vere interrupted by trans 


hig. 6 !, lateral aspect, right side of Twin 1, left side of twin 2. B&B, anterior aspect 
verse sulet. It ts possible that muel i the convolutional asymmetry was due to distortiot t 
pattern caused by varying degrees of pushing together of the hemispheres. A  tull deseription 


i the convolutional pattern would be unduly tedious 
Phe left temporal lobe of Twin | was atrophic, and its fluctuant nature suggested that. the 
temporal horn of the lett lateral ventricle was widely dilated bhe posteromterior part of the 


lateral aspect of the parietal lobe and the lateral aspect of the occipital lobe were also atrophic 


\s previously mentioned, the short, but deep, oceipital horns of each twin were widely 
separated. Between the medial surtaces lay the vertically directed dural tolds, the tree edges 
deeply notching the medial surface of the right occipital lobe of Twin 1 and (less deeply) the 
right occipital lobe of Twin 2 (hig. 5). The arrangement of dural tolds, diverticula, occipital 
lobes, and cerebellums is illustrated diagrammatically in Figure 7. Bridging between the medial 


ispect of the lobes and the apex of the cerebellum of each twin were rather dense membranes 


D 
‘ 
("ty v » A 
‘5 \¥ ; 4 4) 
Y 
a BOA 


CRANIOPAGUS PARIETALIS 


ROBER 0 197 
| 
— q 
enuspher ind’ cerebellum, as seen from behind 
r 
Sip i 
re 
UA A AL 
ty, 
| ¥7 
Fig. 8—Median sagittal section of hemispheres (Twin 1 below) 


material dec not wart 


uch twinning. 


| hie bie 


sible 


re Have beet 
Incomplete separation 
ovum, the 


with an overlap 
the tuture 


nis 
19% IRC HII VEUROLOG) IND PSYCHIATR) 

forme the + fer i the ot or n the encet eran ] these 
membranes revealed cavitie ch extended approximately 2.5 ¢1 1 Va between the hen 
pheres, bemy limited by approas ind adhesion of the lateral wall The cavity of Twin 1 wa 
vider than that of J n 2. Abov the ivitie were separated by a thick membranous partition 
The medial edge of the dura elf, with its accompanying sinus, abutted upon the right lateral 
va t the pocket (with reference to Twin 1) Inferiorly the pocket was limited by cerebellun 
ind anteromierior t could be seen running into the third ventricle 

Mediat igittal section of the hemisphere ig. & howed that the pocket opened widely 
into the posterior part the third ventrich \ small lers-shaped white mass nm the 
niertor wall ot the pocket ist behind ¢t posterior mmi re, seemed to represent. the 
mneal sect owed it to cor t of glandular t it Choroidal tissue formed 
mh othe itera vall ist above and behind the third ventricle and ran f rward into the 
clum intery itun Microscopicall the limiting membrane was formed of fibrous tissue. lined 
nterna hy thoidal cel vinich appeared entical with ependymal cel Thus, the relation 
to the third ventricle, the position of the pineal gland. and the cellular structure of the men 
brane uvvested that the pocket sere fort ‘ t the posterior ill of the thir 

tri ihaove the 4 Cal gland The t rd ventricle appeared to be normally formed im other 
respect | mn | ida large ma t intern lia | n 2, none lig. & the genu of the corpu 
ca un is bull | hed ‘ ort but thr It extended only |] cm. dorsal to the 
foram Mont here a ell -detine Phe cro ection of the corpu 
ta ul i il \ ! iller | ] 1 i ! | | 1 Tlil eel te bye 1] 
hoor 
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embryos (Hochstetter, 1919) shows that the diverticulum would open into the third 
ventricle between the dorsal end of the corpus callosum and the pineal body (Fig 
10). The diverticulum itself would lie between the medial surfaces of the cerebral 
hemispheres. Situated in this region, the diverticulum might well interfere with the 


normal backward displacement of the occipital lobes and would tend to force them 


1 


laterally. Thus, the shape of this part of the brain would be altered. The posterior 


part of the third ventricle would he nearer the occipital bone than usual. This might 


result in narrowing of the anteroposterior diameter of the cerebellum, with 


corresponding increase in its craniocaudal extent 
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\t an early stage mesoderm proliferates around the neural tube and later divides 
into outer and inner lavers. The outer laver differentiates into bone and dura; the 


inner, into arachnoid and pia. The dura apparently forms by condensation around 


the brain and between major subdivisions, The changes in shape of the developing 


brain results in infolding or ingrowth of the membranes between the two cerebral 
hemispheres and between them and the cerebellum. In the instance being consid 
ered, fundal adhesion between the diverticula would prevent the ingrowth of 
mesoderm : hence no met mves would de velop between them | nequal apposition 
of the developing hemispheres of the two twins (with unequal degrees of pressure, 
possibly due to posture of the twins m utero) might account for the uneven develop- 
ment of meninges on the two sides. Where the superior surfaces of the hemispheres 
were closely applied only pia-arachnoid developed; where the surfaces lay apart 
dura was laid down, (It may be recalled at this point that the distance of the eat 
of one twin from that of the other was considerably greater on the side possessing 
the dural shelf than on the other. ) 

Posteriorly the presence of the diverticulum between the medial surfaces of the 
hemispheres would leave no room for normal development of the falx. However, 
hetween the posterior part of the sacs and the widely separated occipital lobes there 
was considerable space, and in this space dura could develop (Fig. 5). The dorsal 
surface of the joined diverticula was continued across the zone of separation, owing 
to the fundamental process ol adhesion Hlence the two parallel dural folds ( lig } i. 
lving one on each side of the diverticulum, between it and the occipital lobe on each 
side and running in uninterrupted fashion from twin to twin, may be readily 
explained ( Fig 7) Caudally, the diverticulum is adherent to the apex of the 
cerebellum, and the gutter on each side of the diverticulum runs into the space 
between the corresponding temporal lobe and the superolateral surface of the cere 
bellum (bigs. 5 and 7). This may account for the continuity of the folds from the 
petrous portion of the temporal bone of one twin to that of the other 

Phe lack of development of a normal, shelf-like tentorium may again be due to 
the presence of the diverticulum, adherent to arachnoid at the apex of the cerebellum 
close to the occipital bone. There was no room for the usual dural condensation, 
but merely space for a low, hillock-like proliferation of the dura of the dorsal wall 
of the skull. On the other hand, this may be due merely to underlying veins. ‘The 
diverticula would probably lie closer to the dorsal wall of the cranium at an earlier 
stage than later, when the occipital lobes reached their fullest development 

Finally, it may once again be pointed out that none of the posterior dural parti 
tions fused with the incomplete talx, lying between the anterior parts of the 
hemispheres 

McNaughton * and Penfield and McNaughton’ have shown that the nerve 
supply of the dura and sinuses of the posterior fossa arises chiefly from the vagus 
nerve, with the addition of fibers from the hypoglossal, and possibly the glosso 
pharyngeal, nerve. The upper surface of the tentorium and the posterior part of the 
falx are supplied on each side by a branch of the first trigeminal division, the 
nervus tentoru. The anterior part of the falx, however, has an entirely different 


nerve supply from the anterior and posterior ethmoidal nerves, which come from the 


3. McNaughton, | \. Res. Nerv. & Ment. Dis., Proc. 18:178, 1938 
4. Penfield, W., and McNaughton, | Arch. Neurol. & Psychiat. 44:43, 1940 
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t division of the trigeminal nerve Phe authors pointed out that this ditference 


rve supply of the anterior and the posterior part of the falx has a close develop 
mental parallel, for, according to Markowsk1,’ these portions ot the falx develoy 


parately, and later unite 


Markowski ® studied serial sections of 11 embrvos at ditferent ages. [le stated 


that the anterior part ol the falx first appears o1 the base of the skull anteriorly 
and grows ina dorsal directior 1 posterior part of the falx develops along with 
the tentoriun lhe anterior and po terior parts of the fals developed separately, 
later join to form the normal falx. In a painstaking piece of work, he showed that 
the first anlage of the tentorium develops as i ATIS\ folding of all three 
membranes of the brain in connection with the acute folding of the brain above the 
“middle cross piece” of the base of the skull, 1. e., the portion of the base which 
forms the sphenoidal (pterygoid) ridge and the petrous part of the temporal bone 
On each side, the upper part of the fold is attached in front to the lesser wi gy ol the 
phenoid, and the lower part, to the petrous portion of the temporal bone, recurving 
below to line the posterior fossa. The two lavers join in the midline in front of the 
developing bram stem and then grow backward around the brain stem, to jon 
behind it. It becomes continuous with the dura over the cranial bones. \Whuile this 
is occurring, the cerebral and cerebellar hemispheres are rapidly expanding, so that 
the upper and lower layers of the fold are pressed together to form the falx. The 
part anterior to the petrous portion of the temporal bone is no longer pi of the 
falx but lines the floor of the middle fossa. The brain stem is thrust forward by the 
development of the occipital and cerebellar lobes, thus leading to the disay pearance 
of that part of the primitive falx near the midline anteriorly. From the superior 
lamina of the tentorium the posterior part ot the falx develops, vrowilhyg forward 
between the two hemisphere s, and eventually fuses with the anterior part ot the falx 
Hhus, this study throws light even on the difference in nerve supply of the upper 

and the lower part of the falx. The correlation with the developmental explanation 
(made betore the work of Markowski and of Ventield and McNaughton was know1 
to me) is self-evident. The presence ot the diverticula prevented the junction of the 
two halves of the tentorium im the median plane behind the mesencephalon ; henee 
the tentorium remained in two halves. Each half contributed its ow: posterior 
part of the falx, and possibly the arrangement of gutters on each side of the diver 
ticula contributed to the final torm. The apposition of diverticulum and medial 
surface of the cerebral henuspheres prevented forward growth of the posterior part 
of the falx : hence no union occurred between the se parate ly develoy ed anterior and 

posterior parts 


REVIEW OF RELEVANT LITERATUR] 


Lhe lesion is a rare one. Keevil® stated that Mall had computed that 7% of all 
pregnancies terminate in aborted pathological ova and about 0.6% in malformed 
fetuses at term; of the latter only a small proportion are conjomed twins (of all 
types). In 100,000 pregnancies, Puech found 517 malformations of various types, 
but only 2 were double monsters (none being of the type here deseribed). Schole 
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in the case described by Kafka,'* in which there were many deformities of the 
pulmonary, urinary, genital, and alimentary systems, including eventration and 


atresia ani in both twins 


Postmortem descriptions are lacking or poor. In all instances examined the 


brains were separate, and except in one specimen dura intervened between the hemi 


pheres on one side only \s an example, the case described by Otto may be 
mentioned, The monster was born at the fifth month and consisted of two female 
fetuses joined by the vertices. Their axes are described as “slightly twisted on one 
another. There was no nervous continuity.” The bones at the vertex were wanting, 
and the underlying dura mater was also deficient over one hemisphere. On the oppo 
site side, a single layer of dura separated the two brains. On the side where the dura 
was deficient the hemispheres were flattened against one another, but there were 
a distinct arachnoid membrane and a separate subarachnoid space for each fetus 

Blumensaat described a case in which there was no dura between the hemi 
phere Phe deseription merits recapitulation, The female twins were born without 
medical aid, the feet of one presenting first One twin died three days alter birth, 
with gastrointestinal symptoms and extensive pneumonia. Within 12 hours the 
second twin became febrile and restless. In order that it might be determined 
whether separation was possible, 70 ce. of air was blown into the cisterna magna 
of the dead twin. An apparently common air space, 11 em. long by 2 cm. wide and 
2 cm. deep, was seen in the midplane posteriorly. This was taken to indicate that 
the twins had a common subarachnoid space; hence no attempt at separation was 
made, The second twin died 24 hours after the first. After death subocecipital injec 
tion of gas in the second twin showed an appearance similar to the earlier roent 
yenograms. After the cranium was opened, the suspected dural lining of the common 
space was observed, but there was no dura between the two brains, their surfaces 
heing im intimate contact and separated only by pia. In the longitudinal fissure of 
each brain there was a moderately high falx, which was not united with the falx 
of the opposite brain. Posteriorly the falx was doubled in each cranial cavity. The 
tentorium had a gap in the form of an oblong wedge, increasing in size from front 
to back. At the free borders of the tentorial gap the falx started. In this doubling 
of the falx there was no brain substance, but the space so formed belonged, it was 
thought, to the subarachnoid space seen in the encephalogram. Thus, the arrange 
ment was very similar to that seen in the present case, although the significance 
of the median air shadow was not recognized. The interval between the death ot 
the two twins ts interesting and suggests that there was less vascular anastomosis 
in this case than in others, for the short period between deaths in others may have 
been due to the living twin bleeding into the dead one 

\ttempts were made to separate the infants in several instances. Apparently, 
priority goes to Munster, in 1945! In 1929 an attempt at separation was made in 
a case of which two descriptions are provided, one by Cameron '* and one by 
Scholetield.?. Two complete female infants were joined together by the whole extent 

12. Kafka, \ Ztschr. angew. Anat. §:185, 1919 

l2a. Otto, A. G Monstrorum sexcentorum descriptio anatomica 1841, Vratislavia, F. Hirt, 
cited by Scholefield, B. G J}. Anat. 63:384, 1929. 

13. Blumensaat, ¢ Arch. path. Anat. 285:140, 1932, 

14. Cameron, H. ¢ Lancet 1:284, 1928 


of the vertex of the skull. Cine twin ¢.\) was somewhat larger, of better color, and 
generally onger and more active than the other (B). The axes of their bodies 
inclined ; an ang about 15 degrees, and there was a slight degree ol rotation 
of the axis of one o1 hat o. the other Lhere were two independent umbilical cords, 
but a single placenta. When it became obvious that Twin B owas unlikely to survive, 
an attempt was made, on the 12th day of life, to separate the twins. It was hoped 
that Twin .\ would thus be saved. When the subdural space of Twin B was opened, 
the pulse of Twin .\ suddenly failed, and death was instantaneous. Lostmortem 
examunation showed that the folds of dura were completely developed on the lett 
side of Twin A and on the right side of Twin B, the falx cerebri being well formed 
in each. On the right side of Twin A and the left side of Twin B the dura mater 
was defective, so that the corresponding hemispheres of the two infants were only 
separated by pia mater. Unfortunately (beyond a brief reference to the superior 
longitudinal sinuses), no more detailed description of the brains and membranes 
Is given 

Leiter described an attempt to separate twins who were born by Caesarian 
section. Interesting medicolegal problems were raised. The father requested that 
both children be allowed to die, but this was refused He then requested that an 
attempt at separation should be made. It was decided that only one could be saved 
because of the large bony detect which would remain. [lowever, even with the 
approval of the father, killing one to save the other was homicide according. to 
German law. [lowever, it was decided that it could be said that such a double 
malformation was not two human beings, but one monster from which a normal 
human being could be formed. Signs of hydrocephalus (separation of sutures) were 
found at six days; hence it was decided to proceed by sacrificing the twin with a 
distorted neck. On the eighth day of life a circular skin incision was made above 
its eyes and ears and the cranial cavity laid open. The brain of that child was 
removed, It was found that only on one side did a sickle-shaped dural fold separate 
the two brains. On the other side the two brains had grown together, and there 
were extensive confluences of veins. .\fter the separation both children died, as the 
author states was bound to occur because of the condition found. Permission was 
given for the use of one body only for scientific purposes. Only polydactyly was 
found 


In 1100, the surviving Biddenham twin refused an attempt at separation from 


her dead sister, to whom she was united by the shoulder and hip, saying, “As we 
came together, we will also go together.” '" These words of simple dignity, worthy 
to rank among famous last words, seem to epitomize the fate of craniopagus 
parietalis. Happily, this tradition has since been broken by the planning, judgment, 
and skilful effort of Dr. Oscar Sugar and his colleagues, in Chicage 


go 


My colleague, S. Hooper, cooperated in this study 


15. Leiter, K Zentralbl. Gynak. 56:1644, 1932 
16. Ballantyne, | W Manual ot Antenatal Pathol 
Edinburgh, W. Green & Sons, 1904 
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SOURCE AND NATURE OF NERVE FIBERS IN CAT CORNEA 


F. C. RODGER, M.D., ChB, D.O.MS 
NAVRONGO, GOLD COAST, AFRICA 


| | » GENERALLY accepted that the cornea is supplied entirely by pain tibers 


from the ophthalmic division of the trigeminus. tess well known are the various 
conceptions and arguments put forward as to their other sources and functions, 


, that the maxillary division supplies the lower half of the cornea ( Jetterson 


that autononue fibers coexist with the 


sensory (Behr Knapp, Dandy,' Boeke, 


Nageotte and Guyon,” and Marchesani’), that large multipolar nerve cells are 


occasionally present (Zander and Weddell *), and that, 


in addition pain, the 
modality of touch exists (Rowbotham ° 


Ggrant, Grotf, and Lewy Tower,'! and 
other ) 


My colleagues and | undertook the experimental studies to be described here 


in the hope that further light might be thrown on these questions 


XPERIMENTAL INVESTIGATION 
Intracramal divisic of tl htl 
performed ( fully on 14 cats 


ther cat ‘ failures 


sympathectomy 
of the animals 1 


Prichloroethy e (Trilene) was also easily man 
tamed as in the case t chlorotorm 


The ophthalmic and maxillary nerve 
the ocul 


vided under di 1 extradurally. Division 
1 intradurally and proved to be ditheult 
operation, tor 


bram stem t 


From the Department of Physiolog 
1. Jefferson, ¢ Brit. M. J. 2:309 a 
2. Rehr Ztschr. Augenh. 62:1 


Dandy 


Boek 


Marche on Graefes cl 148:187, 1948 
Zandet ind Weddell (; 1951 


Brain 62:364 


at. 43:498, 1940 


° 
| | 
ind oculomotor nerve vas 
—— — 
The weight 
The anesthetic of choice was chloroform, which was administered trom a Boyle machine 
thie Sphenoid sinu 
King’s College Medical Sel University of Durhan 
d 879. 1931 
nh. 82:241, 1929 
Bull. Johns Hopkins Hosp. 36:1 1925 
Zz: | Ztschr. mikr.-anat. Forsch. 38:594, 193 
» Nageotte, |. and Guyon, | Comp. rend. Assoc. anat. 33 :369, 1938 
9 Rowbotham, 1039 
10. Grant, ¢ Groff, Ro and Lewy, FF. H Arch. Neurol. & Psy) 
ll. Tower, S.S 1. Neurophysiol. 3:486, 194 
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All the animals were nursed in padded cages t prevent postoperative injury. They were 
killed under ether inesthesia at different time ranging trom 6 t 21 davs after operation 
Routine Clinical Examinatioy \iter operation, routine examinations were pertormed daily Y; 
until the cat vere killed. In the first seven animal entral tarsorrhaphy ( Pomftret-Kilner 
technique Vas pertormed, but it was found that the procedure was unnecessary. The uncovered 
eyes, Washed out every second day and bathed with cod ] vel | d not ulcerate. The routine 
examination ! the eves neluded the foll Ving items (1) general condition 2) state of 
po 3) pupils, (a) diameter and ) response to light 4) cornea, (a) hazine (/ 
with tluorescein, and response to strand of lint: ¢ ocular movements (third 
MMM) and sixth cranial nerve 
i \iter the final examination, before the eat vas killed, under general anesthesia. the variou 
response I the cornea to the strand of lint were charted. The response classified as Type A 
Was the normal re paintul t the animal ind generally causing it t trugel 
classified as Type B describes a 1 paintul response, although the stimulus was obviously felt 
: Lhe animal moved it ead but it ut any videnve f discomfort 
mip fain ft Verve rs Prior to the ermments the vita taming 
t the corneal nerve fiber th methylene blue iS practice nthe manner described by Wed 
lell and Zander Phe pravital staining technique was « eno im preference to the intravital 
method, as it was fou to be more reliable In the wide range of laboratory cats used. the 
orneas exhibited an equally de variation thickme it, the injection into the 
mterior amber of a standar mount of a stock solution t methylene blue in the manner 
recommended did not Vay tain the perticial fiber t the thicker cornea 
The disadvantage the ravital method have beet previously (Rodger ) 
ilthough incor tency was not one of them. The veneral ti taming, which often confuse 
the ipravital-staining picture in be completely eradicated if the excised cornea are placed 
in warm buffere ine, in the manner first recommended Schabadas ' The slight di 
tortion ot the nerve tiber vhich also occurs, did not matter. as we ere not mterested im the 
characterist t the fiber We wht only to determine whether or not degeneration ‘ 
complete 
Phe cornea on the side of operation was cor pare th that on the intact side. the pai 
being stained multaneousl vith the lution All the photomicrogray vere taker 
from tre viable meas, betore fixation, as even in the most practiced hands fixed pecimel 
ire unreliable Rodger Phe 12-0’clock meridian on each cornea was n irked | wn ineision 
prior t taming, and the distribution of the nerve bundles, after charting. « uld then be related 
the response mre } \ btained 1! these ame area 
Postmortes firmatt f Operative lures \Ithough the technique permits the 
procedure to be carried out under direct vision (with diffi ity in case of the intradural sections) 
the perative appearance trequently deceptive Furthermore, naked-eve ex ! 1 the 
nerve it aut in be equally misleading. The divided nerve j held i 
t clotted blood, the removal of which ma nap any uncut nerve fiber 111) ming. “Thi 
Dy te state of affairs a ( ts. When a few peripheral nerve fiber ‘1p [remained 
histological examination n several castons showed them t 1 t only of fibrous tissue 
pica ire, theretore, essential. The Marchi technique was the 
metho ! tal ends not onl Ol the cramia erve m question but al i it 
unmediate neighbor vere examine that iddition to determining the tailure 
thre t a certain the re nee 2 ental damave t ther erve trunk 
12. Weddell, G., and Zander, |} 1. Anat. 84:168, 1950 
Rodger, ( Q)pht Kingdom 72 :687, 1951 
14. Schaba \.: Ztschr. Zellforse 1 mikr. Anat. 10:221, 1930 
l Rods F. brit. J. Ophth. 
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in these investigations, it was observed that dilatats pupil frequently tollowed 


peration, although the third nerve had not been sections 1 sucl s it was thought 

e nerve had been cut accidentally, On on, however, this was tound 

vas assumed, theretore, that pupil lilatation of this nature must be due to 

rhaps as ; sult of the pressure of eytravasated blood. Later, being 

pared tor 1 we noted its normal diameter 

egained its normal activity om three to seven days 
operation, thus confirming tl 


,umimar ‘ the Operatt relevant data, are summarized 


lowing tabulation 


Complete division of ophthalmic branch distal to eavernous sit 


Partial division of ophthalmie braneh distal to eavernous sin 


Complete division of ophthalmie branch proximal to caverno 


Complete division of maxillary branch about 3 mim. from Gasseriar 


Complete division of oculomotor nerve proximal to eavernous sinu 


Complete division of superior cervical sympathetic chain and remove 


superior cervical sympa 
thetic ganglion 


Anesthetic deaths 
Postoperative death, lobar pneumonia 


Postoperative death, intracranial hemorrhage 


RESULTS 

Appearance of the Degenerating Corneal Nerve Fibers.—One would expect the 
distal parts of the ophthalmic nerve fibers lying in the cornea to degenerate fairly 
rapidly after intracranial section. ‘The earliest postoperative period at which | was 
able to observe these changes was two days (CI. &) \t this time the smaller 
nerve fibers, although irregular and varicose in appearance, were otherwise 
intact The Schwann cells, moreover, revealed few signs of the active pro 
liferation so characteristic of them later \s I have already mentioned that 
distortion of the nerve fibers in vital staining ts a distinct possibility, fragmentation, 
obviously, must be the principal criterion as to whether or not the nerve section 
has been successful. In total ophthalmic neurectomies, this state of affairs was 
always found by the sixth day ( Fig. 1). The characteristic appearance at this stage 
was one of columns of fragmented remnants radiating in “palisade” fashion from 
the limbus, while the re-formation of the Schwann element had only just started 


(lig. 2) 


The degeneration of the corneal nerve fibers coincided with reactive changes in 


the stromal cells. In all preparations, it was found that the processes of these cells 


hecame irregularly varicose (Fig. 3.4). In addition, in many places the processes 


were withdrawn, in the manner of iris chromatophores, the cells breaking away 
from the syneytium and their appearance thereafter corresponding to that of 
the macrophages found around the degenerating fibers (Fig. 32 and C). No 
great evidence of leucocyte activity, such as occurs in a corneal graft, existed, and 
it was assumed that the macrophages, which were abundant, were derived from the 
local tissues in the manner described. They might, of course, have originated from 


the Schwann sheaths, rather than from the corneal corpuscles 


Comeiding with these changes, the Schwann cells soon exhibited a conspicuous 


proliteration, They formed solid tubes of protoplasmic tissue, consisting of parallel 
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Fig. 1—Fragmentation of corneal nerve fiber six days after division of the ophthalmic nerve 
Mitoses of Schwann nuclei can be seen at .4. Methylene blue; % 550 


hig. 2—Appearance of corneal nerve fibers at the periphery eight days after division of the 
ophthalmic nerve. The Schwann nuclei have started to proliferate; scavenger cells have removed 


most of the degenerating nerve fibers centrally, and only here, at the periphery, may columns 
of nerve remnants be seen, radiating in characteristic “palisade” fashion from the limbus (4). 
Methylene blue: 200 
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big. 3 I, reaction of the corneal corpuscles to nerve fiber 


degeneration. The irregular 
thickening of the processes and the clumping of the 


cvtoplasm around the nuclei 
The cell, at A, appears to be breaking free This is a probable 
found around the degenerating fibers. Methylene blue LAK 


are well seen 
origin of the many macrophages 


single degenerating nerve fiber \t A is a macrophage ; 
Methylene blue; & 1,000 

macrophage filled with chromatin tragments. No nerve 
cornea. Methylene blue; & 1,300 


are Schwann nuclei. 


fibers remain in this region 
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rows of cells and fibers, which extended along the course taken originally by the 
nerve fibers (Fig. 4). Thus, the characteristic pathways were maintained for the 
direction of the regenerating nerves. At the outset, the continuity of the Schwann 
cell element was frequently broken; the reparative processes, as a result, started 
simultaneously wherever Schwann nuclei existed (Fig. 5 <1). 

In the deep multifiber bundles, these Schwann tubes are thick, but as they keep 


on dividing, they become thinner and thinner until in the end single sheaths alone 


remain (Fig. 5/3). These solitary single nerve sheaths in the corneas on the side 


of operation could be mistaken for nerve fibers Phe entire Schwann. system, 


vann tube 1O days at division o iw ophthalmic nerve 
and their proces nd iracteristic radiate branching 
vlene blue x 550 


however, adopted a much less sinuous course than in the original, intact plexuse 
furthermore, the absence of beading (Fig. 5 C), so characteristic when nerve fiber 
are present, was a striking feature, leaving little doubt that the single sheaths in 
question were empt 

Experimental Results in Detail / (GROUP | ) Complete 
Division of Ophthalmic Nerve The nerve was cut extradurally distal to the 
cavernous sinus in four cats and proximal in two cats. In all six animals there was 
complete degeneration of the nerve fibers in the cornea. That is, all the nerve 


fibers had fragmented, and, depending on the duration of the expermnent, the 
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lig I, central region of the cornea eight davs after division of the ophthalmic nerve 
\t a are typical Schwa 


Phe nerve fibers have almost completels disappeared 
develop to form a scaffolding for the 


n nucler; from 


regenerating 


these remnants protoplasmic tubes will rapidly 
Methylene blue x 2K) 
Phe absence of beading suggests 


nerve fibers 
corneal nerve fiber 


seven days division of the 


sheath covering a singk 
alter mple te 


Schwann 
picture was taken 


sheath is empty. This 
Methylene blue; 


fiber and its collateral bran 
Methvlene blue 


that the 
ophthalmic nerve 
hes in the healthy cornea, included for comparison 


single nerve 
with #, showing the presence of beading 600 
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fragments \ th artially or wholly phagocytosed ; 
nuclei si 1 re-forming 


structural neurilemmal ithway ! 1} 


scribed, stromal cells could be seen 


were central opacities of the hes In the other 


Sensibility in all six was nil; the ocular movements 


Appear 


ill corneal rve fibers 
do morning 


haemorrhage 


of all corneal nerve 
Postoperative death from lobar pneumonia 
Potal degeneration of all corneal nerve fibers 
Anesthetic death 
Total degeneration of all corneal nerve fibers Nil 
omplete Division of Ophthalmie Branch of Fitth Nerve Proximal to Cavernous Sinus 
ith Total degeneration of all corneal nerve fibers Nil 


loth Total degeneration of all corneal nerve fibers Nil 


Group 2 Partial Division of Ophthalmie Braneh of Fifth Nerve Distal to Cavernous Sinus 
@uter fourth eut Devenerating nerve fibers here Type A throughout 
and there in lower half-cornea 
Outer five-sixths cut One large multifiber nerve Type A response in small area 
bundle intaet in lower quadrant; from it (lower medial sector else 
a few fine itinerant nerve vers spread over the where Type B response, fad 
cores ing in places to po sensibility 
Outer half eut 6 intact nerve bundles counted, 5 of Type B response throughout 
them nasally; signs of degeneration in all four except for small region near 
quadrants; many fine intact nerve fibers passing caruncle, where Type A was 
apically toward central opacity present 
iter two-thirds cut 1-5 multifiber nerve bundles Narrow upper nasal strip gave 
in upper nasal quadrant; in lower temporal quad Type A response; outer third 
nt only degenerating nerve fibers no sensibility; in broad cen 
tral region Type B response 
very marked 


plete Division of Maxillary Branch of Fifth Nery trom Giasserian Ganglion 
Anesthetic death 
ner fiber deveneration in cornea ype A response throug 
fiber deveneration in cornea Type A response throu 
Oeculomotor Nerve Proxit Sinu 


aul hemorrhawe 
revealed post 


Cervical Sympathetic Chair 
rvical Sympathetic Ganghor 
fiber degeneration in cornea 


fiber degeneration in cornea 


were full, and the pupils were equal, reacting directly, cons ally, an ACCOMM O 
dation 


Group 2: Partial Division of the Ophthalmic Nerve In four cats partial divi 


sion of the ophthalmic nerve was performed Depending on the extent ot the section, 


a lew intact bundles were ob erved grouped tovether in the same quadray t Deven 


} ] 


erating nerve fibers were present in the other quadrant In the latter, however, 


the quadr nt of quadrants adjacent to the healthy fibers were een to receive trom 


n addition the Schwant 
to varving extents the 
plexuses; finally, the char 
acteristic reaction, previous|y 
ent Te 
Ser il nated 
Day Histologic: nee eal Sensibility 
(iroup \ ‘ plete D ‘ of Ophthalmie Branet Fifth Ne e Distal to Cavernous Sinus 
Cz. 4 tt Votal degeneratie ‘ Nil 
d Cat found dying or ration 
large tracrunial revealed post 
Group 
CI. 1s 
ey. 21 
| 
Group 6 ‘ ! 
cl 
out 
th om 
(ire pa 
ind tempora lobe lacerations 
‘ tt n erve fiber deveneratior n cornea \ resp se thre phowut 
th \ yn nerve fiber deveneratior nh \ res potise throughout 
‘ 
Cl sth No sign of nerve Pype A response throughout 
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ource some fine intact fibers ( Fig. 7/1). There was in all four animals, how 
at least one quadrant which had no intact fibers in it 
Phe response in an area roughly corresponding to the quadrant with intact 
nerve bundles was that designated as Type A (Fig. 7B). The response in those 
quadrants in which a few intact fibers alone remained (lig. 7C) was that designated 
as Type Bi. The areas giving this response were noticeably hypesthetic. Sensibility 
in the remaming quadrants, those in which no intact nerve fibers could be found, 
vas mil 
In three of these four cats there was a small apical opacity. The pupils im all 
four were equal and reacted. Ocular movements were full 
Grour 3: Complete Division of the Maxillary Nerve: There was no sign of 
nerve fiber degeneration Phe corneas were clear, and the reaction to tactile stimu 
ation was of Type throughout—in short, sensibility was unatfected. Ocular 


movements were full, and the pupillary reactions were normal 


neurilemma 


(group 4 Complete Division of the Oculomotor Nerve In neither of the two 


esstul experiments of this type was any degeneration of the corneal nerve fibers 


Sensibility was unatfected, and the corneas were clear The pupils on the 


Ol ope ration were dilated and tixed, and the eves deviated outward 

Groupe 5: Complete Division of the Cervical Sympathetic Chain and Removal 
of the Superior Cervical Ganglion: No evidence of corneal nerve fiber degeneration 
was found in either animal. The corneas were clear; sensibility was unattected ; the 


pupal were equal and reacted normalh : the ocular movements were tull 


COMMENT 

Yource of the Corneal Nerve Ihibers Phe neurosurgical procedures executed 
vave reasonably satisfactory answers to the questions originally asked 

In 1948 LT performed cervical svmpathectomies (distal to the superior cervical 
ganglion) in three rabbits and learned at that time that no degeneration resulted in 


the corneal nerve plexuses. This result was not published, as it was well known 
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lig. ¢ | Schwann nucle: and an empty Hii) tube in a small portion of cornea 
tained with silver. Silver nitrate; x 44 
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IRCHIVES OF NEUROLOG)S 


(Jur present investigations in the cat (CI. 1 and 2) and 
those published recently by Zander and Weddell '® on the results of performing this 
operation im five rabbits encourage us to feel that there should be no reason to 


question again this ¢ stablished belief. In 1935, Boeke ® described two types of cor 


big. & 1, two types of nerve tibers found in the vitally stained cornea—one beaded ; the 
ther not. The nonbeaded type is myelinated, the myelin presumably protecting the nerve fiber 
within. My view ts that beading ts an artifact Methylene blue; ~« 1,500 


mychnated nerve fiber advancing deep into the corneal stroma. The dark myelin is 
interrupted at the nodes of Ranvier. Phase contrast; « 750 


neal nerve fibers, anatomically distinct, one of which he considered, on morpho 


logical grounds, to be sympathetic, the other sensory. This observation was con 


lo. Zander, ., and Weddell, G.: Brit. J. Ophth. 35:61, 1951 
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RODGER—SOU RCI 


firmed Rodger ), pictures being published of the two types ol fibers im question 
(hig. Sf). Later (Rodger '*) evidence was supphed which was strongly sugges 
tive that the less frequently observed, coarser tvpe of fiber was merely one which had 
retained its myelin sheath and that there is no other ditference between the twe 
\ithough it is the general opmion that the myelin sheaths disappear 


were made by using 


types 


(Fig. SPB) 
a nullimeter or two beyond the limbus, these observations 
negative-phase and polarizing microscopy and would appear conclusive. lrnvei,"* 
staining the corneas of dogs, cats, pigs, sheep, horses, oxen, and rabbits with Kiss’s 
osniic-acid method, also noted that some ot the nerves kept their sheaths for some 


distance into the corneal stroma. Boeke’s argument in favor of the occasional pres 


!, curiously shaped stromal cell, not unlike a nerve ganglion cell. Methylene 


blue; 770 
B, stromal cells (corneal corpuscles) and their process Phe peculiar “lattice-work” 


arrangement is characteristic kor short intervals the nerve fibers follow the course of the 
processes. Silver nitrate; 250 


ence of sympathetic fibers on the ground of a morphological ditference between the 


two, appears, then, to be false 


Zander and Weddell * claimed to have occasionally seen ganglion cells in the 
cornea. Iernyet, on the other hand, who examined many hundreds of corneas, stated 


that he had never seen such structures. The photomicrograph of such a ganglion 


17. Rodger, F. ¢ J. Physiol. 115:67P, 1951 
I von Graetes Arch Ophth 132:140, 1934 


18. Ernyei, 
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cell, which Zander and Weddell reproduced in their paper, is not very convincing. 
It bears a close resemblance, in fact, to a partially detached corneal fibroblast 
bigs, 


While one can be fairly dogmatic in stating that there are no sympathetic nerve 


fiber or cell It) the cornea, it 1s les Casy to prove or disprove the presence Ol 


parasympathetic fibers. Nageotte and Guyon® claimed that, in addition to sensor 
fhers trom the ophthalmic nerve, there are many parasympathetic fibers from the 
oculomotor nerve, the ciliary nerves supplying the cornea being a mixture of the 
two. They called these fibers the “interstitial” nerves of the cornea and described 
them as being long fibers of minute diameter, unmyelinated, and in their course 
closely tollowing the interlamellar cement. At this point, one is tempted to conclude 


that Nageotte and Guyon have made the mistake of confusing the tine cement-coated 


hig. 10.—Free corneal ending within the epithelium. The fragmentation is an artifact, duc 
unpertfect impregnation, Gold chloric 


processe of the stromal syneyvtial cells with nerve fibers, especially since with 
modern histological methods the two are seen trequently to follow a simular course 
(hig. OF) Lhe techniques they used, moreover, were the rather nonspecihe ones 
of gold and silver impregnation, both metals being deposited on the cement, as well 
as the nerve fiber. The main argument of the French school, however, rests on the 


results of two intradural oculomotor neurectomies which they performed on dogs 


Phese sections led to signs of degeneration in the “interstitial” fibers Phe results 
could readily be explained, of course, on the ground that gold and silver impregna 
tions are notably uneertain (Fig. 10); alternatively, it may be said that damage to 
the adjacent sensory fibers of the fifth nerve was responsible Since the continuity 
of the various cranial nerves in question was not investigated post mortem, the 
latter theory is a possibility. Whatever the explanation may be, the present expert 


ments have not confirmed this finding (CT. 19 and 20) 


19 


Several othe authors, nevertheless, have supplied indirect evidence favoring 
the belief that parasympathetic fibers exist in the cornea 

Knapp * reported a case ot deep corneal opacification following extirpation of the 
lacrimal gland——as distinet from the more usual filiform epithelial lesion—and sug 
vested that the operation had damaged parasympathetic fibers passing through the 
gland to supply the cornea. Other, more obvious explanations might be given, how 
ever; and hypothesis should remain no more than an interesting suggestion, 
Interference with the sensory innervation, or with the blood supply, appears just 
as likely to be the causative factor 

Behr * and Marchesani’ were others of the opinion that autonomic efferent 
fibers pass in the ophthalmic division to supply the cornea. Their evidence was 
equivocal, ‘They concluded that neuroparalytic keratitis associated with lesions 
of the Gasserian ganglion could only result from damage to such nerves. Mat 
chesant believes that the fibers responsible are parasympathetic ones, which attach 
themselves e ophthalmic nerve within or distal to the cavernous sinus. In the 
present stu J however, no appreciable variation in the state of degeneration existed 
Im sectiol XIal listal to the sinus ( e. g., Cl. 4 and 1&) Behr’s beliet 
that there a 1 outtlow through the filth cramal nerve root has 
never been sul — and unlikely 

\Ithough the ophthalmic nerve may, and probably does, receive autonomic fibers 
trom other sources ; : s toward the eve, it seems certain (CT. 18, 19, 20, and 
21) that none | se ancillary fibers enters the cornea Further, the absence ot 
any degeneration of corneal nerve fibers after section of the maxillary division 


| Jand 14) encourages one to believe that the sugvvestion ol Jetferson that this 


division supple s the lower half of the cornea is, < ast in the case of the cat, untrue 
It has | 


anatomical unit of sensation in the cornea is a single nerve fiber which terminates 


cen demonstrated conclusively by various authors that the fundamental 


as a plexiform continuum and from the surface of which free endings grow out 


between Is of the epithelium. There appears to be strong evidence im the 
present studies that the only source of these tibers is the ophtl alnue division of the 
trigeminal nerve 

Vature of Corneal Sensation It has already been madicated in this paper how 
the reactions of the experimental animals were elicted, and what was the basis for 
their classification as Type and Type response rom a comparison with the 


reactions obtained 


from the corre ponding regions of the cornea on the intact 
side, it became obvious that some such gradation in sensibility existed, the || ype 
\ response bein; \ unful, wh \ mn was much reduced 
In mntensity 

the ophthalmic nerve was performed 

trom the partially denervated cornea 
were correlated with lving n 3 sult, it was found that 

ation n which lv o or two their ¢ 

remained ga vidence of being hyp etl Here 
then, presumabl ible structural ba \ leas an be 
said that w we number of p: lings is diminished, the response 


on the imtact side 


to a stimulus painful in the corresponding region of the 10 
] Wthoueh it noarentiv felt 
( a it 1 parent 
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\t first sight, the re sponses elicted trom: the partially denervated corneas appear 
to correspond with the clinical observations of Trotter and Davies These authors 


leseribed how, after section of a cutaneous nerve, the area ot complete sensory loss 


urrounded by a zone of hypesthesia the exact qualities of sensation in which 
were, they admitted, somewhat difficult to interpret. The pattern of nerve distribu 
tion found four-cat corneas in question would explain such an observation 
adequately 

It is not clear, however, why intact corneal nerve fibers and their endings, when 
timulated painfully, do not respond in the specific manner, as it is generally con 
idered that cutaneous pain sensation is punctate (not, of course, that each spot 
contains an ending derived from a separate neurone). Although the anatomical 
unit of corneal sensation is the entire distribution of one nerve fiber, one does not 
obtain the sensation of pain only on stimulating the complete unit. .\ stimulus at any 
part of it appears to set up activity in the whole (Tower *"). In short, the punctate 
nature of cutaneous sensation in the cornea is even more evident than in the skin 
In view of this, it would seem reasonable to assume that here, as in the skin, the 
physiological unit of pain is the free intraepithelial ending, while two-point dis 
crimination and localization of painful stimuli depend on the overlapping of adjacent 
nerve plexuses. All the more reason, then, to explain the absence of a Type A 
response ina Type B area. 

In the intact cornea, of course, the Type A response occurs in a region where 
spatial summation is impossible to eliminate, a physiological factor the absence of 
which, when the number of endings is reduced, as by operation, may be responsible 
for the phenomenon called hypesthesia. This explanation would appear to be a 
likely one. In the light of it, the Type B response, which presumably resulted from 
stimulation of the few isolated free endings present, must be considered one funda 
mentally of pain, although pain apparently of an intensity so slight that it no longer 
hurts the animal. Boberg-Ans *! has shown that the end of a nylon thread covers 
+ to 10 nerve endings. A strand of lint probably covers twice this number of end 
ings. Our estimate in the case of the cat CI.5, which gave a Type B response, ts 
that we never stimulated more than two to four nerve endings at any one time in 
the Type B area 

his leads me to underline one of the greatest difficulties in discussing the 
subjective aspects of pain and touch, namely, that, such a wide range of qualities 
having been listed under these heads, there appears to be a considerable overlap 
in meaning. This ambiguity is well illustrated, for example, in the work of Boring 

The initial sensation that ensues upon minimal degrees of pinprick has often 
heen described as light touch (Woollard, Weddell, and Harpman **; Heinbecker, 
Bishop, and O'Leary **). This has led to the suggestion that pain endings serve 
both a tactile and a pain function. In the case of the cornea such a suggestion has 


crept in and out of the literature, although it is difficult to find any justification for 


19. Trotter, W., and Davies, H. M.: J. Physiol. 38:134, 1909 

20. Tower, SoS Nerv. & Ment. Dis. Proc. 15:167, 1935 

21. Boberg-Ans, J.: Corneal Sensitivity, Thesis, Copenhagen, 1952 

22. Boring, E. G.: Quart. J. Exper. Physiol. 10:1, 1916 
Woollard, H. H.: Weddell, G., and Harpman, J \ J. Anat. 74:413, 1940 
Heinbecker, P.; Bishop, G. H., and O'Leary, J Arch. Neurol. & Psychiat. 31:34, 


RODGER RCE ANI ‘Fe v MF NERVE FIBERS IN CAT CORNEA 221 


it. Tower recorded single impulses, or short bursts, on touching cat corneal 
epithelium, whereas deeper deformation of its surface gave rise to higher frequency 
discharges. Thus, apparently, two sensations existed—the first, she stated, indi 
cative of a tactile quality, the second of pain. Until, however, Tower eliminates other 
types of receptors in the sclera and choroid which are bound to be stimulated on 
deforming the cornea, there is no real evidence that the corneal nerve fibers sub 
serve both touch and pain sense. It is more difficult to disturb the even tenor ot 
Bishop's 7 experiments. He claimed that the same endings in his own skin, when 
sumulated electrically, originated a series of ditferent sensations, depending on 
the frequency and intensity of the stimulus, sensations which he interpreted as 
varying trom light touch to acute pain 

In the light of Bishop's findings, it might be argued that in the present experi 
ments the Type B response did not result from a diminished sensation of pain, but 
because the true nature of the free corneal endings, exposed because the number 
of endings was reduced to a minimum, is one of touch. This presupposes the 
rather rash assumption that, by summation in the profusely innervated intact 
cornea, a change in the perceptual quality of “touch” wall result, so that a tactile 


stimulus becomes painful 


these arguments the law of specific nerve energies is placed in jeopardy, 


for, as the specialized endings described by Dogiel and Attias “* are now known 
to be artifacts (Rodger* Zander and Weddell,* and others), there 1s only one type 
of receptor in the cornea for the two modalities—the free ending. It is well known 
that the mass of evidence apparently supports the law in question (Wollard, Wed 
dell, and Harpman **; Cattell and Hoagland,*" and Adrian Phe sum of the 
evidence, however, is that pain is not aroused by overstimulation of tactile endings 
Is one justitied in concluding on these premises that the converse is also true, i. 

that touch cannot be aroused by understimulation of pain endings? One presumes 
that one 1s 


It is interesting to note, nevertheless, that there is surgical evidence in favor 


of the beliet that the corneal] endings are sensible to touch as well as to pam kow 
botham,” by cutting the descending root of the fifth cranial nerve in the medulla 
for relief of trigeminal neuralgia (the Sjoqvist operation), was probably the first to 
make the extremely important observation in man that, although no pain wa felt 
in the cornea, stimulation elicited a sensation described by his subjects as one of 


“touch.” This operation was repeated and confirmed by Grant, Groff and Lewy, 


and by Olivecrona Thus, here is apparently a state of affairs eminently satis 


factory to the anatomist, for it reflects exactly the pathways taken by the fibers 


subserving touch and pain in the spinal segments. The bifurcation of the pontine 
fibers of the trigeminus becomes intelligible in its light. There is no doubt that 


Tower was greatly influenced by these observations. It could, of course, also be 


}. Neurophysiol. 6:361, 1943; ibid. 7:71 and 185, 1944; ibid. 12:51, 1949 
Anat. Anz. 5:483, 1890 
\ttias, G.: von Graetes Arch. Ophth. 83:207, 1912 
Rodger, footnotes 15 and 13 
Cattell, M., and Hoagland, H.: J. Physiol. 72:392, 1931 
D.: The Mechanism of Nervous Action: Electrical 
Philadelphia, University of Pennsylvania Press, 1932 


31. Olivecrona, H Arch. Neurol. & Psychiat. 47:544, 1942 
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thility be ited thi minal ners nsists of pain and toucl 
issing to different 
ire cut, and touch 
pre sent experiments however, there are no 
nyruency es in the ophthalmic division, The results suggest a rough 


eparation at this level . on analysis, no more than that. It 1s 


theretore, that m th 1 which the TPype B response was 


fiber and touch fibers spared Phat 


ascending fibers have been cut, 

operation must he viewed with 

ic (sinsberg describe | case of lateral medullary 

which the cornea was ce mipletely anestheti ind in the face loss ot 

light reduction im tactile sensation, occurred, From this it may be 

d that the corneal sensation is represented in the brain stem along with the 
ensation of pain, and not with that of toucl Phis is an important finding, 
upporting the present view that the sensation described as “touch” which 

resulted from the Sjoqvist operation was merely a manifestation of hypesthesia 


In the circumstances, it would seem that the most one can assume at this stage 
intensity of pain elicted on stimulation of one nerve ending is ditferent 
on stimulation of several, The pain sense would appear to increase of 

decrease in direct proportion to the number of endings. Babel and Campos ** have 
that the terminal nerve nets of the cornea se 


ind sensation im such gr: is well known by clinicians, is always 


ldom re-lorn completely 1) 


blunted Babel and ¢ described the quality as “tactile.” 
noted the Oppo ite tate of atlairs \iter keratectomy, hypere sthesia occurred at a 
tune when regeneration of nerve fibers wi xcessive, Not until the nerve fibers 

became reduced to within a normal extent did this hyper sthesia diminish 
In the hight of these arguments, it may well be that the varving sensibility. to 
nd in different persons, and generally attributed to psychological factors 
be largely determined peripherally. Certainly, it leaves one with 

Interesting propositions 
SUMMARY 
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the MANDI and the ophthalmiu In th the last nerve 


and distal to the cavernous sinu In addition, division and removal 


uperior cervical ganghon and chain were done, and in four cats partial 


ot thr ophthalmic branch alone Phe animals subsequently Were killed at 
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varying trom © to 21 days Betore death, however, a record was 
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Report of Five Human Cases with Electrically Produced Bulbar or Mesencephalic Tractotomies 


WILLIAM H. SWEET, M.D. 
AND 


VERNON H. MARK, MD. 
BOSTON 


N' \R CTH Te end of the last century, Golsinger (1895), cited by Roussy,' pre 
ented the 


brains of six dogs with isolated lesions produced by unipolar elec 
trolysis with a current of 20 to 40 ma. Selher and Verger * (1898) made their 
mall lesions deep in the brains of three dogs with a bipolar electrode passing a 
current of 9 to 15 ma. for 7 to 10 minutes. Horsley and Clarke * (1908) studied 
carefully some of the physical principles involved in such a use of electrodes and 
demonstrated that much less gas was evolved, and ina less explosive manner, at the 
anode than at the cathode; hence their anodal lesions were more constant in size 
than those produced at a cathode or with a bipolar electrode. After many observa 
tions, they ventured the statement that for a unit of time, “e. g., one minute, there 
will result about 1 mm. breadth of destruction for each 1 ma. of current employed.” 
They found this to be true up to about 5 ma. Although they stated that this value 
is only approximate, the rule of thumb they gave appears to have guided neuro 


phy wlogists for decades 


METHODS AND RESULTS 


1. //uman Brain Stem In the course of the extensive studies of Ranson, 


Magoun, and their collaborators, circumseribed lesions were made deep in the cen 


tral nervous system of animals. They noted that it was particularly difficult to pro 


duce a large lesion by use of more current for a longer period, and to this end they 
found it necessary to reposition the electrode and reapply the current.4. This limi 
tation seemed to be a valuable safety factor 

On the basis of their wide experience we decided to try the same technique in making lesions 
in the brain stem of man, observing the following factors: Since the pain fibers from the 
cervical and upper thoracic segments probably le at a depth of 3 to 6.5 mm. in the medullary 
bulb, we hoped to avoid unnecessary damage to the surface of the medulla and to eliminate 


the need of dividing any pial vessels. In addition, we hoped that the use of a umpolar electrode 


ssy, Gi La couche optique, Thesis No. 165, Paris, G. Steinheil, 1907 


2. Sellier, J., and Verger, H Recherches expérimentales sur la physiologie de la couche 


ptique, Arch. physiol. norm et path. 10:706-713, 1898 


3. Horsley, V., and Clarke, R. H Structure and Function of the Cerebellum Examined 
by a New Method, Brain 31:45-124, 1908 


4. Magoun, H. W Personal communication to the authors 


224 


STONS 


transmitting di current tor making the lesion would the likelihood of oemorrhage 
from within the central neuraxis by coagulating any blood Is within its range. In attempt 
ing mesencephalic tractotomy according to Walker's techmqu we have divided arteries of 
significant size within the midbrain, a complication we hi ot encountered in incising the bulb 
or cord. The arterial blood flow emerging fre within th ision made by a knife blade has 
been difficult to arrest) ajo Consequently, we have made lesions the 
medulla electrically in four patients and in the mesencephalon in one patient. Each was awake 
during passage « he current, and four © patients there was no dis 


comlort 


Nichrome (ni hrot ‘ lus b rotessor Magoun. These consisted 
lati ish mm. at the bare tip. Thi 
gas torms when the two 


patient's skin. Current wa 
lv source of direct current 


uit. This current was main 


medulla just ventral to the 
emergent spinal Ory otl € oss-sectional level of the obex ; 
the current was passed f ne munute with int Sam. deep. Analgesia was then 
gin down; so the electrode 
of the electrode w enter 
il side of the neck, but passage 
ve, 6.5 minutes, at 3 ma 
of the 


later 


CUTTER TOF < 


the fitth cervical 


t chanye 


period 


During 
had beer 
cervi segm raps aled a well-placed lesion hameter, with 
its imner 


In Patient S 


the point of the electrode 


depth OF 35 


a] 
SWEET -MARI INODAL ELECTROL) 225 
or untoward behavior 
are placed in saline, was attached to a large metal plate against the 
Whose valu nstantly obtainable trom a millhammeter in the 
tained at 3 ma nly the duratior is varied 
mandible. Vhis level had receded to the fourth cervical segment 1O months Hill 
leaving severe | er the second and third cervical seoment 
In patient L.. bk. the electrode at the same site in the bulb was used tirst t 
carry the 30-per-second, 1 ec., square-wave enal trom oa Gira tirmulator to 
ee vhether ( it e thi method heckine the | \t 
the thresl . 2 Its a ditfuse sensation over the whole body, “lke a little ele 
tric she roduced; this was not re shar] localized at lt o that 
1 pre ( | 1 the ite t the ele cle cement ed 
minutes produced analge n the other le er the body tro iz! 
eoment cd tte nother two ruite t nv the malewesia rose onl 
ne more sé ent ppheation tor another minute at 6 mm. depth did ni?! 
the leve f analye total S minute it oma During the second ot} 
pplieation of rrent the patient complained rather halthearted| hock-like 
ensation telt) diffuse throughout much of | bod During the first and third 
periods there was ubjective sensation Phe pulse rate and blood) pressure 
dropped during each of the three periods of appheation of current but rose nearly 
to the previous levels each time betore or just after the end of this period (Fig. 1) 
The next tw experience were discouraging i woman of 
unusual cooperation on the operating table, BBD owas inserted 
at the same spot as in the two previous patient THE i)., passage 
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of current for three minutes produced no demonstrable hypalgesia, and at a depth 


of 6.5 mm. for another three minutes it still yielded no loss to pinprick stimulation 


During the Making ofl the econd le ston, the Llo «l ressure 
150/70 to 200/80 over tive readings in the three minutes, but there 


ensation Phe electrode was withdrawn until its point was 


rose gradually from 


were no sub- 


at a depth of 
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electrode 2.5 mm. deep, a final 3-minutes stimulation yielded anal 
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lesion making and testing phase of the ation, and 


we are contident of the 


Pesting on the first to the sixth postoperative days 


anaivgesia, trom) just above the clavicle ovet 


reliability of the responses 


showed much more extensive all lower 

segments contralateral to the lesion, and complete relef of pain until death, on the 
~ 

Necropsy showed an essentially n 


seventh postoperative day ;onhemorrhagic lesion, 


larger than necessary, involving the upper half of the interior olivary nucleus, 


well as the appropriate region of the reticular 
6 mm. wide b mim. high in the 
It is likely 


ais 
formation just dorsal to this; it was 


cross section in which it was maximal (ig. 3 
additional destruction of the bulbar tissue contributed the 


the we current, 


where thmulated 
electrode 1) min leep 1 w bulb at the ere ectional 
we changed to the lesion-making current, bringing it up rapidl »3ma.a 


patient tbruptl extended uur limb 
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vraduall 
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Pig. 2—Cr t tent of t Patient | 1 te elect 
patient's death, from extensive carcinoma. .\ striking feature in this case was the 
vitl il} 
When 
| ic] 
done in each previous case. the Phe 
relaxed when the current was pr eemed 
to be rrect ; the current was raised to 3 ma MM, over 20 second ind 
held there for 110 seconds. however, h 


must have started dee 


cephalic tractotomy, inserting it 4 


IROHIVES OF NEUROLOGY IND PSYCHIATRY 


was much less responsive to testing thereafter 


two minutes each at depths of 4 and 2 mm., respectively 
) 


IS 


Iwo more lesions were made for 


(total, six minutes, at 
During each of the three periods there was a rise in blood pressure of 15 to 
mm. Hy systolic and 6 to 14 mm 


lly diastolic. Prior to the flow of 
the blood pressure ranged trom 174 to 190 systolic and 90 to 94 diastolic 


current 


Changes 
in pulse and respiration rates were less striking, but there was a slight rise in each 
of the three periods. After these lesions were made, the patient remained stuporous 


later \utopsy disclosed a massive, d 


ply hemorrhag 
it 
mim. in chameter 


medulla (big. 4 


obex, about 5 mm deep 1 he urtace of the 


occupying the inferior three-fifths of one 


center of the leston was at the cross-sectional level of 


medulla looked normal, sO) bleeding 
p at the electrode site. There was no inkling of this bleed 
it the time the electrode was withdrawn at « peration 

Prior to this operation we used our electrode on Patient J. S. for 
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cephalic sulcus. Interrupted square-wave electrical stimuli at this site, up to 10 
volts, at a rate 30 per second, and 1 msec. in duration, caused no pain anywhere 
The direct current was then applied for two minutes at 3 ma. The electrode was 
next shifted to two other positions (one | mm. ventral to, and the other 1 mm 
deeper than, the original point), where a similar current was again applied for 
two minutes. She then showed hypalgesia of her contralateral forearm. The ele 

trode was inserted 2 mm. dorsally to a depth of 4 mm., and it passed so readily 
ventrally to jomn the previously tormed tract that no current was applied (total, 


SIX minutes, at 3 ma.). Later that day she showed analgesia from the top of the 


» died several days atter 


ind 


head to the costal margin; two weeks later there were some hypalgesic areas in this 
zone, but she remained almost free from her original pain in the head, neck, and 
shoulder until death, five months after the operation 

I]. sdnimal Experiments Phe initial animal experiments were begun on dogs 
and cats. The site of the first lesions was the medullary bulb, and factors of current 
were manipulated so as to approximate the operative conditions in man. Many of 
the early experiments, however, did not contribute useful information. The lesions 
varied unpredictably in size and shape, and some lesions were not found after 


careful search with use of the ordinary staining techniques 


\ 
\ 
4 
} 
| 
& 
Fig. 4—Massive medullary lesion produced in Patient AS, 
the operatiot it whit i current of 3 ma. was passed tor two minutes at deptl of 2 4. wal 
mm., at the level of the by 


Fig. 5——-Maximal cross-sectional area of two lesions in the cerebral white matter of cats, 
at the same magnification. Both lesions were made by a current of 5 ma. passed for 10 seconds 


\s seen with stains for iron, the deposit of iron is usually central, in a well-circumscribed lesion, 
surrounded by gliosis and inflammatory reaction, and sometimes hemorrhage 
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Fig. 6—Exact position of blue-staining iron pigment desccibed, with India ink, from colored 
transparencies of the two sections. The upper section is that of a well-circumscribed 
within the brain stem made by passage of current at 3 ma. for 30 seconds 
at the same magnification, shows the results of application of 3 ma. of current for 60 seconds 
from an electrode whose tip was near the floor of the fourth ventricle 
widely, subpially and into arachnoidal granulations, without making a well-circumscribed lesion. 


lesion 
The lower sec tion, 


Iron pigment has spread 


Re 
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It was decided to vary the staining technique, site of lesion, and kind of electrode used. 
arious metals were substituted for the Magoun nichrome electrodes, including platinum, with 
out much success Stainless steel electrodes were finaily chosen because they deposited ron, 
which was easily detectable with specific stains, and they possessed tips which were readily 
ground to suitable smoothness. The cerebral white matter was chosen as the site of the lesions 
it offered sufficient room for several adequately separated lesions, and thus more data 
garnered from one experiment. An additional Berlin blue method for staining iron 
used to detect not only the site of the lesion but also the major channels of current flow, 
een by characteristic deposits 
The stainless steel electrode (guage No. 20) was insulated with lacquer to within 1 mm. of 
the tip and checked with a voltmeter and in electrolytic solution to be sure that only the tip 
remained unimsulated. The ammeter on the Goodwin-Stein D.C. lesion maker was calibrated 
on several occasions to insure a constant accurate output of current 
Phe Jesion-making current was attained at the maximum speed which wo not induce 
a “make-shock” and maintained without variation during the time of destruction. Occasionally 
at ma. destroyed tissue would collect on the uninsulated tip and increase the local resistance 
around the electrode, thus increasing the voltage necessary to maintain the desired current 
This datum was apparent trom the voltmeter o lesion maker.) Scraping the uninsulated 
the cleetrode tree of debris between lesions circumvented this difficulty 


to 18 


ons were made at sterile operations, and the animals were killed from 2 to days 


alter Sample and serial histological sections were then made, using both routine and 
eventy-two lesions were made in the cerebral hemispheres of 10 cats and 3 dogs. A 1 to 
urrent was used at times ranging trom 10) seconds to 4 minutes. The results 
riments and of two others on the brain stem are w accompanying Table. Thi 
indicated in millimeter represents the maximum perpendicular diameter 
When the longitudinal diameter exceeded the other diameters, it was listed pre 


If it was smaller than the others, it was not tabulated 


\s can be seen from the Table, the variability in the size of these lesions was 
even greater than that seen in our human material,” and constancy was not achieved 
even with short durations of current. For example, at 5 ma. and 10 seconds, ome 
lesion was 4 by 7.2 mm. in maximal cross-sectional area, whereas another lesion at 
these same parameters measured 1.4 by 1.5 mm \t longer durations the lesions 
varied even more. At 3 ma. and 2 minutes the largest lesion in one experiment 
measured 30 by 6.4 by 12 mm., and the smallest, 7 by 4 by 3.2 mm. The presence 
of tiny blood vessels in some lesions tended to result in their taking erratic forms 
Current flow, as ascertained by the deposit of iron pigment, would often surround 
neighboring vessels, resulting in thrombosis and extensive disruption of brain tissue 
about them. l[-ven those lesions, however, confined to avascular portions of white 
matter showed a variability of several hundred per cent in area (Fig. 5). It is 


apparent that factors m addition to the obvious variations in the substrate of the 


lesion are important in producing the wide variations in the size of the lesions 
It is interesting to note, moreover, that the quantitative deposition of iron pigment, 
as visualized with the aid of iron stains, is not always correlated with the size of 
the area destroved. Current reaching the subarachnoid space, for example, tends to 
deposit iron widely without severely disrupting cerebral tissue (Fig. 6) 


Sweet. W. H.: Nilges, R., amd Mark, V. H Results of Electrosurgical Performance: 


of Bulbar and Mesencephalic Tractotomies, read before the Harvey Cushing Society, April 27, 
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OBSERVATIONS 
urinary output of sugar in the five hours of the test period 
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W vlucose per kilogram ot bod weight 

rate of excretion Wi ing the five-hour period showed small fluctu 

ations, except in the diabeti t. for whom the rate of excretion fell sharply 


toward the end of tl hi second test made on the diabetic patient, 
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five davs aiter the third of a course of 11 electric shock treatments, resulted in an 
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(Chart ) 

\iter a course of electric shock treatments, repetition of the tests yielded value 


for excreted glucose ranging from 0.14 to 0.23 gm. per kilogram of body weight, as 


compared with the pretreatment values of 0.16 to 0.38 gm. per kilogram of body 


weight , nt changes occurred in four of five patients. One patient (Ba), 
studied during two psychoti episodes, showed a decrease of (),7 yin. per kilogram 
after the first course of electric shock the rap and no change atter the second course 
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kilogram im five hours. Three patients showed no significant difference between 


the results obtained after and those obtained before treatment: two showed small 
INCTeCAseE and the other two small decreases, alter treatment 


Blood Suga In the untreated nondiabetic patients the maximal fall in blood 


ugar atter injection of phlorhizin was between O and 34 mg. per 100 ml. of blood ; 
alter treatment it was between 5 and 42 mg. per 100 mi. of blood. The maximal fall 
was more than 10 my per 100 mil. in 5 of 


13 instances before treatment and in 
9 of 12 after treatment. The greatest fall occurred at different times in different 


patients, and in several instances the lowest level of blood sugar occurred several 
times as the levels fluctuated. In the diabetic patient the maximal falls in blood sugar 


were far greater than those in the nondiabetu subjects 


Blood Glutathton No significant change in the glutathione level was noted 


auring any experiment 


Blood kosinophil Decreases in blood eosinophile counts tour hours alter the 


first ijection of phlorhizin were between & and 83% ; in 16 of 26 experiments the 


decreases were greater than 50% of the control values 


in Blood Sugar clfter nephrin In 17 of 19 experiments the rise in 
blood sugar atter epinephrine was normal, while in 2 (Patients Bu and We) low 
alues were obtamed. There was no correlation between the glycemic reaction to 


epmephrine and the change in carbohydrate’ metabolism observed in the same 


patient alter the myection of phlorhizin 
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Rapid le vl ise trom the body after the injection of phlorhizin stimulates 
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«ll 
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in the present study (Gr and Gio, Table). In addition, the fall in blood sugar at any 
given rate of glucose mobilization must be proportional to the mitial concentration 
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of mobilization of body carbohydrate except: within narrow levels of blood 


is evident from this discussion that the changes after myection of phlorhizin 
cannot be used for comparison of available carbohydrate stores in normal subjects 
and those of diabetic patients with high blood sugar levels. Hlowever, the use of the 
test in the present study is valid, since almost all the subjects had normal initial 
blood sugar levels. The amounts of glucose excreted by the nondiabetic patients 
before and after treatment were in the range observed in normal subjects In the 
latter, mobilization of glucose keeps pace with this increased excretion ; blood sugar 
levels show negligible changes.” On the other hand, in patients with mental disease 


in this study abnormal decreases in blood sugar were common in spite 
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control levels; i. e.. mobilization lagged behind excretion of glucose. This) phe 
nomenon was not due to malnutrition, since it was even commoner atter treatment, 
when the state of nutrition in all the patients was much improved. The influence ot 
malnutrition was observed only in the diabetic patient (Gr), in whom a fall im 


blood sugar level of 124 mg. per LOO mil, was found before treatment, as compared 


with a much smaller, but still abnormal, tall of 53 mg. per 100 ml. during treat 
ment; the slighter fall in blood sugar level occurred in spite of a much greater 
excretion of sugar, showing that some improvement im nutrition had occurred 
hart ) 

Phe data © present study suggest that mobilization of glucose for main 
tenance of a normal blood sugar level may be abnormal in patients with mental 
diseases. The nature of this detect is not evident; however, in 1O of 14 instances in 
which abnormal decreases in blood suyal occurred, the excessive tall occurred early 
in the period of the test and was partly ol completel abolished by the end ot the 
expermment. This tinding suggests that the abnormality in mobilization is merely 
temporal. [epinephrine tests, made on 10 of the patients showing sluggish mobiliza 
tion of glucose alter phlorhizin, showed that hepatic glycogenolysis was normal o1 
increased in & of them. It is probable, therefore, at the retardation of glucose 
mobilization Observed in some patients with mental disease is not in epmephrine 


induced hepatic glvcogenolysis, but involves other glycogenolytic processes or gluco 
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the test indicate that molbiliz: ot carbohyvd s slugs In some patients; this 


abnormalty apparently mv pro es other than epi hrine-induced hepaty 
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NC TION IN CHIZOPHRENIA REVIEW LITERATURE 


YING. the early conceptualizations of dementia praecox, or, as it is now more 


commonly designated, schizophrenia, by WKraepelin' and Bleuler, attention 


has been directed toward the possible occurrence of endocrine abnormalities during 


the course of the illness. Leading to this interest were the early observations of 
triking abnormalities in the psychosexual field manifest prior to and during the 
course of the illness. Heterosexual object relations are inadequate ; marriage occurs 


infrequently, and homosexuality is common, both in latent and in overt forms 


These clinical abnormalities involving psychosexuality led to postulations and 
investigations of possible alterations in gonadal function and structure in schizo 
phremia. Kraepelin' originally considered that dementia praecox was attributable 
to an automtoxication arising in the gonads, and, although he later relinquished 


this idea, he continued to believe that a metabolic intoxication caused the illness. 


Departments of Psychiatry (Dr. Gottheb) and Anatomy (Dr. Nelson), State 
f lowa College of Medicine 

Dr. Ro He. Blocks, of the Department of Urology of the State University of lowa School of 
Medicine, obtained the biopsy specimens 

Dr. Max Kk. White, Superintendent, Independence Mental Health Institute, Independence, 
lowa, made available the imstitutionalized patients used in this study 

hese data are taken in part from a thesis submitted in partial fulfilment of the requirements 
for the degree of Master of Science, in the Department of Psychiatry and the Graduate College 
(Dr. Tourney) 

Phis investigation was supported in part by a research grant (RG1778) from the Division of 
Research Grants and Fell wships of the National Institutes of Health, United States Public 
Health Service 

1. Kraepelu Dementia Praecox and Paraphrenia, Chicago, Chicago Medical Book 
Company, 1919 

? Bleuler, | Dementia Praecox o 1 Group of Schizophrenias, translated by |. Zinkin, 
New York, International Universities Press, Ine., 1950 

} Gibbs. C. | Sex Development and Behavior in Male Patients with Dementia Praecox, 
Arch. Neurol. & Psychiat. 9:73, 1923. Lewis, N. D. C., and Blanchard, R Clinical Findings 
in “Recovered” Cases of Schizophrenia, Am. J. Psychiat. 22:481, 1931. Rennie, T. A. ¢ 
Analysis of 100 Cases of Schizophrenia with Recovery, Arch. Neurol. & Psychiat. 46:197, 1941 
Hoskins, Ro G Psychosexuality m Schizophrenia: Some Endocrine Considerations, Psycho- 


om. Med §:3 1943 
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Mott and co-workers ' made the first important contributions to the histopathology 
of the testes in schizophrenia during the years from 1919 to 1923. Using autopsy 
material from 27 schizophrenic patients and comparing this with similar material 
from men with other memtal illnesses, they detined three stages of regressive 
atrophy of the testes as characteristic of schizophrenia They described the first 
stage as showing diminution in tubular size, with a reduction in the number of 
spermatocytes, spermatids, and spermatozoa; the Sertoli cells were empty of lipid 
and more distinct than normal, and the basement membranes showed early thicken 
ing. The second stage was characterized by the occurrence of atrophy in most 
tubules, marked thickening of the basement membranes, and little evidence of 
mitotic activity in the spermatogonia and spermatocytes. Fatty degeneration of the 
spermatozoa, pronounced changes in the Leydig cells, and an increase in the amount 
of interstitial material were described as other significant histological features. In 
the third stage, Mott stated, few germ cells were seen; the tubules were striking] 
atrophic, and no normal Leydig cells were present. The severity of the testicular 
changes was reported to correlate with the clinical stage of the illness, the chront 
forms demonstrating the severer atrophy. Mott postulated the existence of a 
primary defect of the gonads in schizophrenia, resulting in a disordered hormonal 
balance and, in turn, abnormal cerebral funetion 

In 1923 Lewis* deseribed similar tindings in autopsy material. Ten of 18 
schizophrenic patients were said to exhibit complete absence of spermatozoa, while 
the others showed earlier stages of regressive atrophy of the testes. There was, 
however, no correlation of the severity of the atrophy and the duration of the 
ness, as Mott had reported 

The aforementioned studies have been criticized by Morse ® and Lewin Phe 
indicated that Mott and Lewis did not take into account the important factors of 
age, nutrition, terminal illness, and probable variations in the normal histology of 
the testis. In the study of 12 patients with dementia praecox, Morse found little 
or no evidence of primary atrophy of the testes. Lewin, in analysis of the data 
on 65 patients with mental illness, 16 of whom were suffering from schizophrenia, 
concluded 
Our data have lee eles hat in the dementia praecox 1 al the changes in. the 
spermatozoa and the nt membrane do not differ in character frot hose observed in other 


psychots RrOUy or si age, and they are dependent on adventitious circumstance 


He found active spermatogenesis in patients with schizophrenia of 23 to 35 years’ 
duration, their ages ranging from 59 to 75 
4. Mott, | ‘ land Morbid Conditiot tes from Birth to Old Age in 


100 Asylum ar ) as Brit. M. J. 2:655, 698, and 737, 1919. Matsumoto, 7 Study 


of the Relation Between the Reproductive Organs and Dementia Praecox, |. Ment. Sc. 66:414 
1921 Mott and Prados y Such, M Further Pathological Studies in 
Praecox, Especially in Relation to the Interstitial Cells of Leydig, Proc. Roy. Soc. Med. 15:1 
1922. Prados 1, M Morbid Histology and Testes in Dementia Praecox. ibid. 15:14 
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1922. Mott \ Conditions of Sex Organs in Dementia Praecox, Encéphale 18:73, 1923 
5. Lewis. N. PD. The Constitutional Factors in Dementia Praecox, with Particular 
Attention to the Circulatory System and to Some of the Endocrine Glands. New York, Nervou 
and Mental Disease Monographs, 1923, pp. 111-115 
6. Morse, M. F Pathological Anatomy of the Ductless Glands a Series of 
Praecox Cases, J. Neurol. & Psychopath. 4:1, 1923 
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7. Lewin, B. D \ Study of the Endocrine Organs in Psychoses |. Psyehiat. 7:39] 
1927 


Kirby and Gibbs,” Titfany.’ and MeCartney reported findings similar to those 
Mott and Lewis, but their series, again, were not adequately controlled, since 
they tailed to take into account the variables discussed by Morse and lewin 
Recent interest in this problem has been aroused by the work of Hemphill, 
Ket ind Laylor Using the biopsy method of procuring testicular tissue, they 
tucied YO patients with schizophrenia and 25 patients with other mental illnesses 
upposedly, none of the patients were malnourished or suffering from physical 
or had given a history of gross gonadal defects. Hemphill and associates 
ed they had confirmed the occurrence of testicular atrophy in schizophrenia 
disagreed in the main with the Interpretation provided by Mott and his con 
temporaries with regard to the characteristics of the histological structure and the 
sation and pathogenesis of the changes. They reported that in schizophrenia 
the testicular changes varied from a slight reduction in spermatogenesis to gross 
atroph In the more severely damaged testes, they reported as characteristic fea 
the basement membrane, hyaline degeneration and arrest of 
permatovenest ogressive degeneration of the epithelial elements and eventual 
truction of the tubules, sclerosis of the smaller blood vessels, little interstitial 
inconstancies in the number of Leydig cells. They observed in many 
cimens an extremely advanced degree of atrophy, with collapse and fusion of 
tubules as a hwvaline mass and no cellular activity 
Llemphill and his co-workers reported the existence of an association between 
deteriorating schizophrenia and severe testicular atrophy but found that severe 
itrophy may be present in the earliest stages of the illness. The severest atrophy 
as noted when the onset of the iIness occurred before the age of 20. They also 
reported that atrophy is characteristic only of the nonparanoid types of schizo 
phrenia and that testicular funetion appeared normal in the paranoid type. The 
econdary sexual characteristics had developed satisfactorily in all cases. They 
helieved that the cause of atrophy may be an endocrine disorder, with madequate 
gonadotropin control, and noted '' 
The atrophy of the testis can be accepted as reflecting one physiological abnormality, 
probably mediated by the pituitary or hypothalamus, which is an essential feature in the patho 
genesis of the disorder. This would imply that an endogenous tactor is the primary agent in 


the production of schizophrenia, and this to a large extent is in keeping with our experience 


Subsequently, Elemphill Retss administered gonadotropic hormone. of 


pregnant mares’ serum to schizophrenic patients with testicular atrophy and 
& Kirby, G. H.. and Gibbs, C. 1 Reproductive Glands and Mental Disorder, with 
Special Reference to Dementia Praecox, State Hosp. Quart. 6:147, 1921 
9 Tiffany, W | Pathological Changes of Testes and Ovaries in Dementia Praecox, 
State Hosp. Quart. 6:159, 1921 
10. MeCartney, J. O Dementia Praecox as an Endoecrinopathy with Clinical and Autopsy 
Keports Kndoermology 13:73, 1929 
Hemphill k. | Reiss M and Taylor \ | \ Study of the Histology of the 
in Schizophrenia and Other Mental Disorders, J. Ment. Sc. 90:681, 1944.) (/) Hemphill, 
The Significance of Atrophy of the Testis in Schizophrenia, ibid. 90:696, 1944. (c) 
Hemphill, R. K., and Reiss, M Experimental Investigations in the Endocrinology of Schizo 
phrenia, Proc. Roy. Soc. Med. 421:533, 1948 
12. Hemphill, R. E., and Reiss, M Serum Gonadotrophin and Testis Biopsy in Treatment 


f Schizophrenia, J. Ment. Sc. 98:1, 1945 
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lhe human testis may be regarded as normal when there is evidence of a pattern 


ot 


orderly and active spermatogenesis in at least 80% of the tubules, with mature 
spermatozoa in the majority of these tubules. As spermatogenesis apparently pro 
ceeds in waves of activity along the tubule, various cell types will predominate in 
In the lumina are seen inconstant cell populations, 
made up of a few spermatozoa and spermatids and spermatocytes. Ordinarily, the 


maturing spermatozoa lie in the Sertoli syncytium, and few 


the tubules at various levels 


are free in the lumina, 
since once they are detached they are transported to the epididymis. There is little 
sloughing of immature cells in the normal testis 


The tubules should be uniform in size and show minimal peritubular fibrosis 
With the advancement of peritubular fibrosis, the tubules become atrophic and 
reduced in size and show irregular configurations 


The basement membrane of the 
tubules normally is a very th 


in, delicate structure composed of fine, homogeneous 
fibrils. The tunica propria, which surrounds the basement membrane, is composed 
of several lamellae of elastic and collagenous fibers, interspersed with fibroblasts 
Simple fibrosis appears to be a normal aging process and involves primarily the 
tunica propria. With more advanced sclerosis, there 1s involvement of both the 
basement membrane and the tunica propria, with thickening of the latter, due to 
an increase of elastic fibers accompanied by some degree of hyalinization, This leads 


to a decline in tubular size and a somewhat woolly appearance. It is not uncommon 
to find that as many as 10 to 15% of the tubules may be involved in serious sclerosis 
with poor spermatogenesis, while the balance of the tubules show little or no 
sclerosis and a normal spermatogenic pattern. Such testes are regarded as 


heing 
within the limits of normality 


The most important feature of the interstitial spaces is the Leydig cells. These 
are most difficult to evaluate, as the type and distribution may vary appreciably 
throughout the testis. The typical mature cells are characterized by large vesicular, 
usually eccentric, nuclei containing one or two nucleoli, Chromatic material is 
present in diffuse granular masses, usually about the periphery of the nucleus 
Crystalloids, of varying sizes, and granules are characteristic features of the cyto 
plasm. The latter are believed to be closely related to the functional activity of the 
cell Vacuoles are seen occasionally in various parts of the cell and probably are 
related to degenerative processes. \Ithough cells of the type described above have 
been generally regarded as the functional form of the Leydig cell, there is reason 
to believe that the smaller, granular type of cells is a more active producer of 
hormones than the larger, somewhat vacuolated elements. [lowever, the standards 
of evaluating degrees of endocrine activity of the Leydig cells in the testes of 
noneunuchoidal men have not been very well defined 


DATA 


\ll morphological examinations of the biopsy specimens from the two testes 
were based on the criteria for the normal variation of testicular histology described 
above. Table 3 summarizes the histological findings in the testes of the noninstitu 


tionalized patients. In 9 of the 16 patients in this group the structure of both testes 


was considered well within the normal limits of variation. These minor variations 


were in spermatogenesis, tubular size, and peritubular fibrosis. In two additional 


yatients the testes morphology was considered characterized as normal on the basis 
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the 
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a normal histological appearance of « testis, even though the other testis was 


1 illustrates the normal histological characteristics of 


testes for this group of patient 

(Of the 16 patients, the testes of 2 were considered to be characterized by suffi 
nt abnormalities of spermatogenesis, irregularity of tubular size, and moderate 
ritubular fibrosis to be judged as slightly abnormal. Figure 2 illustrates repre 


hi tological deviations in the testes of these two patients 
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ibnormal testicular histology which characterized this group 
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(On the basis of the histological examination of the testes for the entire group 
of 23 patients, the Leydig cells were classified as normal in 16 patients, as slightly 
reduced in number in 3, as excessively vacuolated in 2, and as poor in 2 


Fable 5 indicates the relation, of testicular morphology to the schizophrenic 


ubgroups for both the noninstitutionalized and the 


Institutionalized group ot 
patients. In th 


e noninstitutionalized group, normal testicular histology character 
ized 7 of 10 patients who were paranoid, 1 of 3 who 


hebephrenic, and 2 who had simple schizophrenia 


were catatonic, | who was 
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with definite sloughing of the cellular elements. There 
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moderate to severe peritubular fibrosis x 
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is spermatogenic disorganization, and 


tubules are reduced in size and show 


considered to have slightly abnormal, and 1 moderately abnormal, testicular struc- 


ture. A moderate degree of abnormality characterized the testes of two of the three 


catatonic patients 


In the chronically ill, institutionalized group, one paranoid and three catatonic 


patients had a moderate degree of testicular abnormality, while the one patient with 


simple schizophrenia and the two with hebephrenic schizophrenia were regarded 
as having normal testicular structure. 


Although the number of patients in each subgroup is small, when the non- 


institutionalized and the institutionalized group are combined, the data suggest that 
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histological variations within normal limits are characteristic of the testes of patients 
in the subgroups of paranoid, hebephrenic., and simple schizophrenia. This is par 
ticularly true if a slight degree of deviation of testicular structure is not considered 
as of great significance. Only patients with catatonia were characterized by an 
abnormaiity of the testicular morphology, for five of the six patients in this group 
revealed a moderate degree of abnormality. This observation is further substanti 


ated by the appearance of the Leydig cells, since these, too, showed defects 


lable 6 presents the relation of duration of the illness to the testicular mor- 
phology live of the seven patients with a moderate degree of abnormality of the 
testicular histology had been chronically il On the other hand, other patients who 
had been ill for as long a time had normal testes. In contrast, only 2 of 12 patients 
il for one year or less had a moderate degree of testicular abnormality. The data 


uggest that duration of illness may be related to testicular morphology but that 
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some other factor or factors associated with length of illness are also responsible. 


Vhese might relate to the schizophrenic process itself or to the process of institu 
tional care of chronic patients 


lable 7 presents the relation of disturbance of appetite to testicular morphology 
Nutritional deficiency, which frequently is a concomitant of the schizophrenic ill 
ness, has also been implicated as one of the prominent causes of testicular abnor 
mality.’°" Six of the seven patients with a moderate testicular abnormality had a 
history of periods of disturbance in their nutritional status. On the other hand, a 
history of periods of similar nutritional deficiency characterized some of the patients 
with normal testes. In contrast, only 1 of the 10 patients with no history of an 
appetite disturbance had testes characterized by a moderate degree of abnormality. 
The implication, then, is that nutritional disturbances may be significant in the 
development of testicular abnormality in patients with schizophrenia, although the 
data do not exclude the operation of other factors 
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COMMENT 


lhis study concerned the testicular morphology in 11 patients subclassified as 
paranoid, 6 as catatonic, 3 as hebephremic and 3 as having simple schizophrenia, 
a total of 23 patients. The histological structure of the testes was considered within 
the normal limits of variation for all these patients except for four in the paranoid 
group and five in the catatonic group. The degree of abnormality of the testicular 
structure was slight for two of the four patients in the paranoid group. The testes 
of the other two paranoid patients and of the five catatonic patients were character 
ized by a moderate degree of abnormality, which included for three of the catatoni 
group a reduction in Leydig cell activity 

These results suggest that abnormality of testicular structure is not a char 
acteristic of the schizophrenic process, with the possible exception of catatonia 
These findings, therefore, do not confirm those of Hemphill, Reiss, and Taylor." 
Furthermore, none of the testicular conditions encountered in this series of patients 
were in any way unique. They have been seen and described many times in the 


testes of men whose sole complaint was infertility.'™ The extensive hyalination 


of the basement membranes reported by Hemphill, Reiss, and Taylor ''® was not 
observed. [lowever, its occurrence would not be surprising, since it is not uncom 
mon in men without mental disturbances. 

Since a moderate amount of atrophy did occur in the testes of some of the 
patients with schizophrenia, and since the evidence suggests that this atrophy is not 
part of the histopathology of the schizophrenic process, the question is raised as 
to whether or not the data suggest any concomitant factors that may be responsible 
for the atrophy. It has been reported that testicular function is influenced by such 
factors as heredity, age, nutrition, temperature, infections, neoplasms, obstructions, 
circulation, irradiation, pressure, and endocrine and constitutional states.'°® Tem 
perature, neoplasms, obstructions, circulation, irradiation, and pressure probably 
do not play a role in patients with schizophrenia. Studies on men have provided 
little evidence to permit any conclusions concerning the relation of heredity to 


abnormalities of testicular function * 


except in certain characteristic hypogonadal 
syndromes, such as that of Klinefelter.’.7 Spermatogenesis decreases with age, 
but Engle '* reported abundant spermatozoa in the testes and ducts of more than 
half of a group of men past 70. Age should not play an important role in the 
schizophrenic patients examined in the present study. Certain emotional states, 
such as fatigue and anxiety, very possibly may play a role in human infertility. No 
well-controlled studies have been made, however, and this factor, although a possi 
bility in catatonia, cannot be evaluated by our data. ‘Testicular abnormalities may 
occur as a result of generalized infections.!°* Although patients with chronic 


schizophrenia are prone to the development of infectious illnesses, none of the 


patients in this series, as far as is known, had had severe or chronic infectious 


diseases 


17. Klinefelter, H. F., Jr.; Reifenstein, FE. C.. Jr, and Albright, | Syndrome Characterized 
by Gynecomastia, Aspermatogenesis Without A-leydigism, and Increased Excretion of Follicle 
Stimulating Hormone, J. Clin. Endocrinol. 2:615, 1942 

18. Engle, KE. T.: Relation of the Anterior Pituitary Gland to Problems of Puberty, A. Res 


Nerv. & Ment. Dis. Proc. 17:298, 1936 
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lhe testes are closely related to other endocrine organs. particularly the anterior 


lobe of the pituitary, which controls both spermatogenesis and Leydig cell function 
through the release of gonadotropin. The follicle-stimulating fraction influences 
permatogenesis, and the luteinizing fraction influences release of testosterone by 
its action on the Leydig cells” Hemphill and Reiss believed their studies indi 
cated that the testicular atrophy reported in schizophrenia was probably related to 
inadequate gonadotropin control, but their data are not convincing and have not 
heen confirmed in this study Schizophrenia has often been believed to involve 
endocrine systems, but no specific evidence for this has been provided 
utrition closely related to testicular function, and subclinical states of 
nutritive failure hold great interest in terms of testicular morphology. In some 
animals, at least, adequate quantities of both vitamin .\ and vitamin EE, as well as 
protems and minerals, are required for normal testicular function Klatskin and 
associate Ina study of gynecomastia due to malnutrition in American prisoners 
of war, found evidence of testicular atrophy in one-third of the patients studied 
Oligospermia was present in the released prisoners both with and without gyneco 
mastia. The authors believe that malnutrition depresses testicular function, either 
directly or by interfering with pituitary function. The data reported in this study 
uggest that nutritional deficiency is a factor related to testicular atrophy. It 1s 
likely that in certain patients periods of selective malnutrition have led to irre 
versible changes in the testes. Later, the nutritional state may be improved, but 
without concomitant improvement in testicular function \s was true of mal 
nourished prisoners of war, not all patients would show the same degree of 
testicular damage or lack of subsequent improvement 
Clinical experience would indicate that the catatonic patients as a group are 
more lable to have periods of severe disturbance of appetite and nutritional intake 
than are patients in the other schizophrenic subgroups. Length of hospitalization 
and duration of illness are factors to be considered in relation to nutritive failure 
In patients with schizophrenia, since the longer the illness and period of hospitaliza 
tion, the more lable are selective nutritional deficiencies to occur. The data reported 
in this study suggest that chronicity of illness is a factor related to the atrophic 


changes that were observed in some of our patients 


SUMMARY CONCLUSIONS 


\n evaluation of testicular morphology in schizophrenia has been made through 


the utihzation of bilateral testicular biopsies in 23 patients with typical schizo 


phrema, Of these, 16 were designated as noninstitutionalized, since they were 

19. Heller, C. G., and Nelson, W stis-Pituitary Relationship Man, Recent Prog 
Hormone Research 3:229, 1948 
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Vitamin A, J. Path, & Bact. 35:875, 1932 Mulinos, M., and Pomerkrantz, I Pseuck 
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Nutrition 19:493, 1940 

22. Klatskin, G.; Salter, W. T., and Humm, F. D Gynecomastia Due to Malnutrition 
1. Clinical Studies, Am. J. M. Se. 218:19, 1947 


SCHIZOPHRENI 


studied shortly after their first hospitalization, and the remaining 7, as institu 


tionalized, sin they had been hospitalized for a number of vears. leven patients 


were in the paranoid subgrou In four of these the testicular histology deviated 


from the normal, but in ty of the four che degree of abnormality was regarded as 


sight. The three patients in the subgroup of simple schizophrenia and the three 
patients in the subgroup of hebephrenic schizophrenia had normal testes. Only in 
the subgroup of the catatonic type, in which the testes of five of the six patients 
showed significant departures from the normal, was there a suggestion of a relation 

] 
i 


ship between schizophrenia and testicular structure 


Phe observed testicular defects were not unique for patients with schizophrenia 
but were similar to those that have been observed in many men whose only com 


plaint was infertility 


ind nutritional deficiency are related 

to testicular atrophy. It may be hypothesized that the longer the duration of illness, 

the greater th vance for subclinical nutritive failure to occur, particularly in 
patients with catatonia, and to be reflected in the testicular morphology 

It may be concluded that specific abnormalities of testicular structure and 


function do not characterize schizophrenia 
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light work. Some of his contentment may have been on the ba t cuphoria. When seen agai 
eight mont alter the first air studies, he still mplained that inds, particularly the left, 
periodically felt numb and that one leg. this time the right i hecome kind of weak the 
last three or four mont} He as getting along rather wel vever; he had no p oo 
been working i garage man since is discharge from. the pital \ A 1M dred 
speect " ntention tremor; noticeable ataxia of the left ind; increased (EE x« 


Pneumoencephalograms, taken Ox 7 , Show a displacement of the lateral ; 


to the leit mpatible vith right front parietal area 


Fig. 3.—Pneumoencephalograms, taken Jan. 15, 1953, show essentially normal ventricles 
except for slight dilatati 
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of abdominal retlexes, and some paresis of the rig were the 
the left extremities. The spinal fluid, under a 
pressure of mm., had 3 whi lls pet nc millimeter and 30 mg in per 100 ce., and 


the colloidal gold cur, vas normal wo months later his cond) 1 was essentially unchanged, 


sis of multiple Sowa ide upon the patient’s admission 
emotional outbursts seemed a | sequel to the unexplained, frightening, and 
disabling symptoms was the | y of convulsions, the initially increased spinal 
uid pressure, at as \ focus in the electroencephalogram that prompted 
the air studies 


Convulsions im multiple sclerosis ; now recent review of the 


literature by Williams and associates ' included the report of four cases with convul 


sions among their own “300 to 400 cases” of multiple sclerosis Phe trequeney ot 

abnormal electroenc alograt li n debated. Gubbs and Giubb found “no 

significant changes,” and vat “thre electroencephalogram of multiple 

| normal.” other hand, Hloefer and Gouttman,* 

clates,” and Wallan and ( noted Ireqeunt char 

acute exnacerbatial the electroencephal eran were notice 

thirds of the case Phe electroencephalogram of multiple 

stic the that have heen 

a ld, dittu dysrhythmia w focal wave activiti 

location of th rv \ usually does 1 late well with the clinieal preture 

patient have a bram tumor im addition to 

eribed in 1949 by Munch-lVetersen ‘ 

ro pine \ then rather suddenly 

Cn Plaques 

Wisphere, extending into 

ted that im 2 ot 46 cases 

of multiple which vias formed at the Montefiore Tlospital 
from 1909 to tS deat] 

Phere is | le in the literature on ; stud no multiple sel lloeter and 


(suttman noted that im their material of 127 sc] “pneumo 
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and he was working regularly 
| 
2. Gibl | 2 EK. | \tla i rapl Boston, The Author 
1941 
breema \\ lrontier Multiple Seles moencephalogs vy, blectre 
encephalogray Morbid Anatomy and Pathogen: M. Ann. District of ¢ 13:1-10 
° 1944 
4. Hoet P. | \.. and Guttman, S. A Lhe Kleetroencephalogram in Multiple clerosi 
Ir. Am. Neut \. 70:70-73, 1944 
‘ lasper, H Bicktord, R., and Magnus, O Phe Electro-Eneephalogram in) Multiple 
Scler \. Re Nerv. & Ment. Di Proc. 28:421-427, 1950 
Peterse ( | \ Case of D1 el nated ind Glioma of Brain in the 
Same Patient \cta psychiat. et neurol candinayv. 24:599-627, 1949 
7. Carter, § Sciarra, D., and Merritt, H. H Phe Course f Multiple Selerosis a 
Determined by Autoy Proven Case \. Re Nerv. & Ment. ID Proc. 28:471-511, 195¢ 
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encephalograms were reported in only 11 cases \ll were normal except for the 
2 in the abnormal EEG group.” In the discussion on this paper, Putnam * stated 
that he had used roentgenencephalography “fairly frequently” in the differential 
diagnosis of certain clinical forms of multiple sclerosis. ‘The only actual reports on 
pneumoencephalographic studies in cases of multiple sclerosis are those by Scott ® 
(6 cases), Freeman* and Freeman and Cohn '’ (15 cases), Koschewnikotf and 


lraenkel (1 case), Vercelli (8 cases), and Williams and associates! (3 cases). 


These air studies have either presented a normal condition or shown air pockets 


and stellate shadows, mostly located over the frontal lobes and Sylvian fissures. 
In some instances the lateral ventricles were asymmetrically dilated to a. slight 
degree. These changes were apparently caused by a shrinkage of cerebral substance 
and were fairly well correlated with changes at autopsy. Carter and associates ? 
reproduced a pneumoencephalogram showing “ventricular dilatation and cortical 
atrophy” in a case of multiple sclerosis, without further description of the case 
freeman * wrote: “There are no focal wanderings of the ventricles, seen so often 
in traumatic atrophies.”” None of the authors described any shiit or distortion of 
the ventricles that simulated the roentgenologic signs of a cerebral tumor. 

Ihe ventricular deformity in the first air studies in the present case extended 
not only into the frontal and parietal lobes but also, to a less degree, into the 
temporal lobe, and appeared to be caused either by a space-occupying lesion or 
by a localized swelling of the brain itself centering in the area of the right Rolandic 
fissure. Ifa cerebral tumor had been responsible for the encephalographic changes, 
a large hemorrhage in that tumor could have explained the rather sudden paralysis 
of the entire leit side. If such a hemorrhage had been present in that area, the 
patient should have been drowsy. This man, however, was alert; his neck was not 
stiff, and the cerebrospinal fluid was clear and colorless and, on the second tap, 
under normal pressure. A tumor gradually destroying the brain substance would 
hardly have given such an extensive paralysis within one day; a tumor diffusely 
infiltrating partially functioning brain substance would hardly have caused complete 
paralysis of the left extremities and distorted the parietotemporal area to the extent 
the air studies indicated without producing a cut in the visual fields or a persistent 
increase of intracranial pressure. Therefore it was assumed that the ventricular 
shift was due to a localized swelling of the brain caused by an acute sclerotic plaque, 
and not to a tumor. An exploratory craniotomy was not performed. 

Phe subsequent clinical course and the essentially normal pneumoencephalogram 
and electroencephalogram taken 10 weeks after the first ones contirmed the impres- 
sion that the condition was multiple sclerosis alone, and not multiple sclerosis com- 


bined with a brain tumor. The thrombotic and parenchymatous changes in a large 

8. Putnam, T. J In discussion on Hoefer and Guttman.* 

9. Scott, M Atrophy of the Parietal and Cerebellar Lobes Associated in Certain Cases 
with Multiple Sclerosis, Arch. Neurol. & Psychiat. 38:218-219, 1937 

10. Freeman, W., and Cohn, R Electroencephalographic and Pneumoencephalographic 
Studies of Multiple Sclerosis, Arch. Neurol. & Psychiat. 53:246, 1945 

11. Koschewnikoff, A., and Fraenkel, S Uber Encephalographi, Ztschr. ges. Neurol. u 
Psychiat. 103:593-625, 1926 

12. Vercelli, G Sindromi cliniche di sclerosi a placche con reperto di stato idocefalico 
all’encefalografia: Forme ipertensive della sclerosi a placche e sindromi da 
oto-neuro-oftal, 12:658-674, 1935 
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plaque apparently led to such edema in the vicinity of the motor strip that not only 


total loss of function of the opposite extremities but also focal changes in the 
electroencephalogram and a grossly abnormal pneumoencephalogram were produced 
Phese findings indicative of a “pseudotumor” gradually disappeared, and normality 
Was again approached when the edenia had subsided. The acute lesion of multiple 
sclerosis in the frontoparietal area was probably not followed by any extensive 
necrosis, for if it had, the return of function would not have been so prompt 

Perivascular and pericellular collections of fluid are found around fresh plaques, 
but in the present case the local edema was apparently excessive, leading to such 
marked ventricular distortion, typical of tumor, that a craniotomy would have been 
indicated had it not been that this “tumor deformity” did not seem to fit in well 
with the clinical course and the symptoms and signs presented by the patient. It 
Was surprising to find these marked electroencephalographic and ventricular abnor 
malities in multiple sclerosis and to see them disappear within a few weeks. The 
follow-up studies have substantiated the diagnosis on admission. It would seem, 
therefore, that to the pneumoencephalographic abnormalities that are known to occur 
in multiple sclerosis should be added a temporary ventricular displacement simulating 
that caused by brain tumor. 


SUMMARY 


Several reports of rather nuld electroencephalographie abnormalities in multiple 
sclerosis were found in the literature. Few pneumoencephalographic studies have 
been published, and the only variations from normal that they have shown are those 
which followed atrophy of the brain. In this report it is demonstrated that a ven 
tricular displacement, simulating that caused by a brain tumor, can also occur in 
multiple sclerosis. Both the ventricular distortion and the electroencephalographi 
focus of slow waves in the case presented disappeared within three months, when 
the acute symptoms had subsided. 
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CEREBRAL CIRCULATION AND METABOLISM IN 
MULTIPLE SCLEROSIS 


Correlative Observations by Electroencephalography and Psychodiagnostic Testing 
PERITZ SCHEINBERG, 
L. BLACKBURN, M.A. 


SAMUEL C. KAIM, M.D. 
AND 
CHARLES A. STENGER, Ph.D. 
CORAL GABLES, FLA 


RTIOLOGY and pathologic physiology of multiple sclerosis have 


remaimed obscure despite many excellent clinical and pathologic observations. 
Ilypotheses which incriminate vascular spasm and yvenular thrombosis as factors 


mechanically re ponsible for the lesions of multiple sclerosis have incited consider 
able climeal investigation ' and have provided the main basis for therapy of acute 
tagyes of the disease, namely, the use of so-called cerebral vasodilator drugs and 
drugs to inhibit formation of vascular thrombi. One of the purposes of the present 
tudy, therefore, was to measure cerebral blood flow and metabolism in patients in 
variou stave ot multiple sclerosis in an effort to detect the possible presence ot 
ilterations in cerebral circulation and metabolism which might presumably be pro 
duced by vascular spasm or clotting. Simultaneously, it was hoped to determine 
whether the known pathological lesions in the brain in multiple sclerosis, whatever 
their cause, result in measurable alterations in cerebral blood flow, oxygen = or 
glucose consumption, or vascular resistance, and at what stages in the illness such 
change , Wu any, occurred 

ince multiple sclerosis is known to produce clinical changes in mental pattern, 
electroencephalographic tracings and psychodiagnostic tests were also performed 
on these patients, and an effort was made to correlate the results of these studies 
with the clinical severity of the disease and the measured cerebral circulatory and 


metabole functions 


Department « hysiolog niversity of Miami School of Medien 

Departments of Neurology Veterans Administration Hospital 

This investigation was supported by a research grant from the National 
ociety and by a research grant (H-832) from the National Heart Institute 
Institutes of Health, United States Public Health Service 
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Arch. Neurol. & Psychiat. $8:125, 1947. Brickner, R. M The Significance of Localized 
onstrictions in Multiple Sclerost Pransient, Sudden Minature Attacks of Muliple Sclerosis, 
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SCHEINBERG ET 

nitrous oxide 
inhaled a mixture of 

were taken directly for After a rest 

Ee hour for lunch, the same 12 patients were taken tor psychodiagnostic testing 

Blood oxygen determinatior ere done by the spectrophotometric tii Hickam and 

imples for oxygen drawn bei 

: flow measurement, and the average was used as the final value for . 
percentage of ox) ituration, using the dissociation curves of 
oxygen tensior hen oxvhetr lobin saturation is above re OMB) a chart of 
interpolated value ising Dill’s figures, and represent only estimation Carbon dioxice 
content of whole blood was measured by the method described | Peters and Vat vke and 
carbon dioxide tensior is estimated trom the nomogran t Peters and Van Slyke The pH 
{ whole blood was measured with the gla electrode of a Cambridge Model Ro pil meter at 
34 ( ind corrected to 38 C. by Rosenthal’s factor.* 

Blood glucose content was measured by the dium thi late titration method of ne ’ 
Arterial pre Ire measurement ere made by the auscultatory method every two minutes Ei 
the procedur th the arn eld at heart leve ure ere calculated trom. the 
formula 

MP chastohe pre ire + pulse pre ire 

The electroencephalogran | th a 6-channel Gra (Model IIL) electre 
encephalogra Fen electrode mum ove, being distributed bilaterally over the frontal, 
interior tet I temporal, central, dil occipital area Both bipolar and monopolar recording 
were made, the ear erving a me latter. TI the impossibility of 
quantitating electroencey ee for the purpose of this correlative 
study, a numerical ile was established a ee | 

indicates no significant fast, Slow, pew activity; 1, diffuse mildly slow 
or mildly tast activit >, male \ or fast activity plus focal sigs , diffuse moderatel lo 

3. Scheinberg, P., and Stead, | The blood Flow in Mal ibjects as 
Measured by the Nitrous Oxide Technique Normal HRs for Blood Flow, Oxygen Utiliza 
tion, Glucose Utilization, and Peripheral Resistance, with Observations on the Effeet of Tilting 
ind Anxiety, |. Clin. Invest. Zi. 

4. Wet ae and Schmidt, ¢ | Phe Nitrous Oxide Method for the Quantitative 
Determinatior t Cerebral Blood Flow in Man Theory, Procedure, and Normal Value | 
Clin. Invest. 27:476, 1948 

5. Kety, S ind Schn Pensiot Carbon 

Young Men, J. Clin. Invest 

6 Hickam, J. and brayser, Oxygen, J 
Bu Chem. 180:457, 1949 

7. Peter . PP. and Vas lyke, D. D.: Quantitative Clinical Chemistr Vol. Il. Methods, 
Baltimore, W ul & Wilkins Company, 1932 
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or moderately fast activity; 4, moderately slow or fast activity plus focal signs; 5, diffuse very 
low or very fast activity, or paroxysmal activity, and 6, very slow or very fast activity plus 
focal sign 


The Rorschach ink blot test was used to detect the presence and extent of organic damage 


to the brain. The preecdure for admicustering the test adhered to the standard practice of free 


association to all the 10 blots, followed first by a “noudirective” inquiry, to gain additional 
information on the subject's previous responses, and then by a probing period, to delineate 
further the areas and determinants incorporated in the perceptions given and to test the limits 
of the subject's capacities. The records were analyzed with an effort to grade the impairment ot 
the variables involved. The degree of involvement was then artificially quantitated according to 
a numerical score which ranged from UV (no indications of organic impairment) to 6 (severe 
orgaiie impairment) 

The metabolic studies, electroencephalographic recordings, and psychodiagnostic tests were 

ormed and the results graded by independent observers, cach observer, theretore, being 

and unprejudiced by the results of the others 
Value for cerebral oxygen consumption, cerebral glucose consumption, cerebral vascular 


tance, and respiratory quotient were calculated in the usual way. 


\ summary of climeal findings, electroencephalographic tracings, and results 
of psychodiagnostic tests is given in Table 1. The patients were graded clinically 
on the extent and severity of neurologic involvement and disability in an arbitrary 
comparative cale from 1 (least involvement) to 5 (severest involvement ) These 
figures are recorded in the column on clinical data 

lhe cerebral circulatory and metabolic data are given in detail in Table 2. These 
are compared with values obtained from 20 normal subjects ranging in age from 

with a mean age of 3 lhe ages of patients with multiple sclerosis ranged 
to OO, with a mean of 42, these patients falling into about the same age 
did the control subjects. The mean values for cerebral blood flow, 
arterial-cerebral venous oxygen difference, cerebral oxygen consumption, mean 
arterial pressure, and cerebral vascular resistance in the patients with multiple 
sclerosis did not ditfer significantly from the corresponding values for the normal 
control The mean values for arterial oxygen tension and saturation, arterial 
carbon dioxide content and tension, and arterial and cerebral venous pil also did 
not differ significantly from the normal expected values for subjects who are 
inactive and partially confined to bed. None of the patients had significant anemia, 
Phe mean respiratory quotient was about the same as that previously reported for 
normal subjects.'” as are the mean values for arterial-cerebral venous glucose 
difference and cerebral glucose consumption 

\fiter the inhalation of 5% carbon dioxide and 95% oxygen by nine subjects, 
there was a rapid and consistent decrease in arterial-cerebral venous oxygen ditter 
ence to values less than 50% of the initial level, denoting marked cerebral vaso 
dilatation and indicating the responsiveness of the cerebral vessels of these patients 
to a known cerebral vasodilating agent 

Five of the 12 electroencephalograms were considered abnormal, though there 
was no consistency of pattern. The Rorschach ink-blot tests were considered to 
show evidences of organic brain damage in all 12 subjects on whom it was per 


formed, and all but 2 showed evidence of moderate to severe damage. There 


10. Schmidt and Kety, footnotes 4 and 5 
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seemed to be general involvement of all the areas of organic influence tested, namely, 


perceptual processes, conceptual processes, imaginative processes, emotionality, 


memory, and verbal reactions to the test stimuli 


The data presented here indicate that there is no alteration in any of the 
measured cerebral circulatory or metabolic functions in multiple sclerosis. There 
is no correlation between clinical severity of the disease and cerebral blood flow, 
cerebral metabolism, or cerebral vascular resistance; nor is there anv evidence of 
correlation between clinical exacerbation « | f ssion of the disease and these 
measured functions. The discrepancy between these results and those reported by 
Pucker, Donald, and Farmer cannot be explained 

It is recognized that this means of measuring cerebral blood flow and cerebral 
metabolism is relatively crude and is probably not capable of measuring small, 
localized areas of vascular sp: or thrombosis which might conceivably — be 
mechanically responsible for the lesions of multiple sclerosis. (on the other hand, 
one would expect some indication of involvement of cerebral vessels in a group of 
this size and with disease of such clinical severity if vascular spasm or thrombosis 
had an important causative relation to the pathologic lesions of the disease. In 
parti ular, the failure of the cerebral blood flow or vascular resistance to be altered 
from normal during exacerbation or progression of the disease, as indicated by this 
study, casts doubt on the credibility. of the hypothesis that vascular spasm) or 
thrombosis may be related to the pathogenesis of the lesions of multiple sclerosis 
Phe normal responsiveness of the cerebral vessels of these patients to inhalation 
of carbon dioxide is additional evidence for the absence ot widespread cerebral 
vascular thromboses in these patients, although small, localized areas of thrombosis 
vould probably not be detected by this method 

Phe finding that cerebral oxygen and glucose consumption are normal in patients 
vith multiple sclerosis is surprising in view of the widespread damage observed 
pathologically in these patients. Several possil explanations suggest themselves 
] \natonncally, the distribution of cerebral lesions in multiple sclerosis is more 
pronounced in the brain stem, a region which probably contributes much less t 
the total measured metabolism of the brain than do the relatively uninvolved cere 
bral hemispheres; hence impairment of metabolism in the brain-ste area would 
have a relatively small effect on total cerebral metabolism 

of multiple sclerosis involve mainly the myelin sheaths, with relatiy 

of high metabolism, such as axis-cvlinders and nerve cells, thus 
ipparent absence of reduction in total cerebral metabolism. . he altera- 
tions of tissue metabolism in multiple sclerosis may be much more discrete than 
were measured here, involving changes in lactate and pyruvate metabolism, or even 
finer changes in cellular enzymatic processes. 4. The extent of tissue destruction 
in multiple sclerosis may be sufficiently severe that many of these areas of destru 
tion are nonviable and are thereby excluded from the circulation, and would not 
participate in the total cerebral metabolism as measured by the nitrous oxide 


technique. Other explanations present themselves, but these appear to be the most 


likely on the basis of available evidence 
1). Tucker, W. M.: Donald, D 
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\Ithough there was no correlation between the type of localization of electro 
encephalographic abnormality and the site or extent of lesions as determined by 
chnical examination, it is of interest that all the patients whose disease was in 
clinical exacerbation and who electroet cephak grams made had abnormal 


tracings. This finding ds in qualitative agreement with the data of Jasper, Bickford, 


ind Magnus, \ ( la correlation between the acuteness of the pathologic 


process 1 iu] sclerosis and the severity of the electroencephalographic 
abnormality. Our study revealed complete absence of correlation between electro 
encephal aphic findings and measured cerebral circulatory and metabolic fun 
tions, and between the electroencephalographic pattern and evidences of organi 
impairment as measured by psvchodiagnostic testing \n explanation of these 
disparities is not available, and further observations which may serve to correlate 
electroencephalographic patterns with changes in cerebral metabolism are needed 
In this study | 1 nts of cerebral metabolism do not reveal any basis for the 
electroencephalographic abnormalities or for the pronounced alterations the 
results of psychodiagnostic testing 

It would seem that the Rorschach ink blot test is m lore sensitive im its 
ability to detect organic damage to the brain than either the electroencephalogram 
or the nitrous oxide procedure. There was no correlation between the severity of 
involvement as indicated by psvchodiagnostic testing and severity as indicated by 
clinical examination, stage of the disease, measured cerebral metabolism, or electro 


ence halographi ( hange 


M MARY 
Cerebral blood flow and cerebral metabolism were measured by the nitrous 
oxide technique in 20 patients with multiple lerosis in various stages of the dis 
ease, and electri phalogt iphic recording and Rorschach ink t test were 
performed on 12 « ese patients. There was no change from normal in any of 
the measu ! al metabole function or evidence that exacerbation of the 
disease cted th br: loo mw oor metabolism ugh the electroencephalo- 
patients with exacerbation of tl | It is felt that 
vhich 
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GLUTAMINE, GLUTAMIC ACID, AND +-AMINOBUTYRIC ACID 
IN CEREBROSPINAL FLUIDS 


STEPHAN LUDEWIG, Ph.D 
CHARLOTTESVILLE, VA 


“Tile ROLES of glutamic acid and its derivatives glutamine and y-aminobutyric 
acid, which are present in nerve tissue in appreciable quantities, are poorly 


tood It 1s po sible that the concentrations of these compounds in cerebro 


pinal fluid may reflect changes in nerve tissue metabolism resulting from neuro 


logical disorders. Since available data are sc: it seemed worth while to determine 
the concentrations of glutamic acid and related compounds in the cerebrospinal fluid 


Ina group of patients with various types of neurological disorders 


METHODS AND MATERIAL 
Specimens of cerebrospinal fluid were obtained from patients in the University of Virginia 
Hospital undergoing pneumoencephalograms for diagnosis. Each specimen was contrifuged 
for removal of cellular debris and, whenever possible, was analyzed immediately for glutamic 
acid and glutamine. It was determined that the values obtained were not changed after overnight 
torage at > ¢ 
Glutamic acid and glutamine were determined by the procedures recommended by Krebs 
which utilize the enzymes in Clostridium welchii (per fringens) for deamination of glutamine 


ind decarboxylation of glutamic acid. Cl. welchit (strain SR-12) was grown in a mediun 


used by Meister, Sober, and Tice4 The organisms were harvested and lyophilized, and 15 mg. of 
the dried material was used with 3.5 ml. of cerebrospinal fluid. The Warburg manometric pro 
vas used for determining the carbon dioxide, and the Archibald ® technique, utilizing 
vacuum distillation and Nesslerization, was employed for estimating ammonia. In order that the 
best performance of the distillation apparatus should be insured,® it was found necessary to pass 
ur continuously through the capillary to avoid clogging. All samples were analyzed in triplicate 
With these procedures, both COs and NH, could be analyzed with an accuracy of about 5% 

From the Department of Biochemistry, of Virginia 


ontract V1001M-1074, Veterans Admin 


Department of Medicine 
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associates,”* who reported a range of 6.9 to 8.6 mg. per 100 ec. of glutamine in the 
spinal fluids of eight schizophrenic patients 


7. Dent, ¢ 


Complex Mixture 
10. Moc il 1 omatogray \ is ulfonated 


Polystyrene 


The paper chromatography technique of Dent was used for identifving Yy-amn butyric 
acid. Twenty milliliter f an ultrafiltrate of cerebrospinal tlu is desalted” and evaporated 
The residue wa issolved in 1 ml. and 30 was applied to the filter paper 
for analy \ few sample f concentrated cerebr inal tluid were analyzed by the gy f 
graphic technique t Moore ‘and Stein in which ultrafiltrate t cerebrospina / 
evaporated to dryme n vacuo and dissolved in a small amount of water. An aliquot 
to 20 ml. of cerebrospinal fluid was added to the adsorption column, and the eluate of = 
225 ml. was analyzed for amit i 
|| 
( nee fio ufamine and dfan | fim ( rebrospmal fluids f Patients 
‘ ‘ 
ta 
Mg. 10 Mx. 100'C¢ 
pilepsy 
ucture ¢ kull 
no diagn« 
erative process 
Convulsions, no dia o 
Generalized cor ‘ ‘ ‘ 
ed 
cho 
| 
1 fist ght ontal lobe 
Paranoid psyel 
No diagnosis 
Involutional psychotic reaetior 
Motor aphasia 
. Epilepsy, grand ma 
Medullotlaste i 
No diagnos 
Pinealoma 
No diagm 
| A Stud f the Behaviour of Some 60 Amu \cids and Other Ninhydri 
Reacting Substance n Phenol-“Collidine” Filter Paper Chromatogran with Notes as to the 
Occurrence of Some of Them in Biological Fluids, Biochem. |. 43:169-180, 1948 
8. Fisk, A. A.; Chanutin, A., and Klingman, W. ©.: Observations on a Rapidly Migrating 
Electrophoretic Component of Cerebrospinal Fluid, Proc c. Exper. Biol. & Med. 78:1-3, 1951 
9. Consden, R.; Gordon, A. H., and Martin, A. T. P.: Identification of Lower Peptides in 
}. Biol. Chem, 192:663-681, 1951 
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The data for the glutamic acid in 13 cerebrospinal fluids indicated that only traces 
of this amino acid may be present. The significance of the small amount (0.8 mg 
per 100 ce.) in one case is not clear. The majority of these values are negative and 
probably reflect the liraitations of the analytical procedures. Pond“? noted the 
presence of glutamic acid in spinal fluids by using the paper chromatography pro 
cedure. This observation could be confirmed and may be explained by the partial 
decomposition of glutamine during the various steps which involve desalting and 
chromatography 

Che fluids, analyzed qualitatively by the procedure of Stein and Moore, showed 


a pronounced peak in the serine-asparagine area. It could be shown that this was 


due to glutamine, since hydrolysis of the fluids with acid caused this peak to dis 


appear and a new peak was observed in the glutamic acid area. Similar changes 
were noted before and atter hydrolysis of a glutamine solution 
\nunobutyric AC id could net he cletected in cerebrospinal fluid by papel! chro 


Mnatography | he ae obse ved were the saline as those described by Pond 


SUMMARY 


The glutamine concentration of cerebrospinal fluid in patients with a variety of 
neurological disorders was found to have a mean value of 7.35 + 2.0 mg. per 100 cc 
No relation could be established between glutamine concentration and the type of 
disorder, Glutamic acid was either absent or present only in traces. y-Aminobu 


tyric acid could not be detected in any of the fluids investigated 


Mr. Wade Fleenor gave technical assistance 
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Abstracts from Current Literature 


Epitep sy Dr. BerNnarp J. ALPERS 


Physiology and Biochemistry 


CEREBRAL AREA | EN L 1 INSCLOUSNESS. G. N. THompson, Bull. Los Angeles Neurol 
Soc. 16:311 (Dec 


Thompson reports nine cases of impairment of consciousness. In six of the cases the 
impairment of consciousness was that of a lethargic stupor from which the patient could. be 
partially aroused. Analysis of these six cases showed that in five there was a bilateral lesion 
of the thalamus. In the sixth case there was a hypothalamic lesion. In three cases there was 
deep coma and the patients failed to respond to any stimulus. In these three cases the lesions 
involved the mesencephalic-hypothalamic junction. A tenth case, in which there was no 
impairment of consciousness, is described; in this case the lesion was one of complete destruc 
tion of the pons with extension into the mesencephalon 

Thompson concludes from these case studies that bilateral thalamic and hypothalamic lesions 
result in impairment of consciousness to the degree of a lethargic stupor from which the patient 
can be partially aroused. Either a bilateral thalamic lesion alone or a hypothalamic lesion alone 
may produce this syndrome. The depth of stupor does not seem to depend upon the extent 
of involvement of these structures. Lesions of the junction of the hypothalamus and of the 
subthalamus with the mesencephalon result in deep coma, from which no degree of recovery 
is possible. Both the stupor and the coma are permanent and irreversible. Thompson con 
cludes that the engram system essential to crude consciousness is located where the mesen 
cephalon, subthalamus, and hypothalamus meet. Pathologic sleep or stupor may result from 


lesions just above this area, in either the hypothalamus or the thalamus, if the lesion is bilateral. 


Philadelphia 


Brock oF FrontTAL Lope Fipers AS A MEANS OF PREDICTING THE 
EFFECT OF PREFRONTAL Lonotomy: I]. Evatuation. W. P. Van WaAGENEN 
and C. T. Liv, J. Neurosurg. 9:30, 1952 


Che patients selected for procaine block in this study were divided into a psychotic (21 
patients) and a nonpsychotic group (6 patients) Members of the former group were all 
severely disturbed patients who had all been passed by the lobotomy board as suitable for 
lobotomy according to rigid standards set up by a national board. The nonpsychotic group were 
those selected from a neurosurgical practice because of severe, disabling hypochondriasis, com 
plaints of pain, or of nursing problems 

The authors’ usual technique is to make two small burr holes, with the use of local anes 
thesia if possible, over the frontal poles of the brain, or just anterior to the coronal suture bilat 
erally. A 2% solution of procaine hydrochloride, 3 ce. on each side, is injected very slowly 


with an extremely fine needle. The procedure and results in each of the 27 cases are detailed 


From their results, Van Wagenen and Liu conclude that procaine injections into the white 


fibers of the frontal lobes of the brain may be used as an aid in predicting the effect of a pre 


frontal lobotomy upon the behavior of a psychotic patient. It will not aid in predicting the final 
course of the psychosis. This procedure is most useful in predicting relief from unusual pain 
by a prefrontal lebotomy 


It was found at procainization 1s most reliable when done in psychotic patients during 


their period of overactivity. The observed effects upon behavior after procainization follow 
the effects of lobotomy in two of three cases 


\npers, Philadelphia 
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Meninges and Blood Vessels 


1 


reported 


localized 


hese clinical 
iicreased intracramial pres 
4 the -called organi 
typical syn 
oduced, including imvol nt i nal cord level. The authors feel that 
chronic meningeal sigt r persistent intracranial pressure 
(“pseudotumor | hould der jagnost carcinoma 
primary neopl 
particularly in the gastroimte 
vn experience and in tl ases reported in tl the authors found no 
\hich there was evides f perivascular parencl involvement without lepto 
infiltration | si they studied microscopical he perivascular involve 
riicial lavers of the cortex They therefore propose 
Initial invasion 4 leptomeningeal involvement, when it occurs wi 

nodule formation, mu vin in the menmges. The mode 
the data here studied, the authors conclude that when gastrointestinal carci- 
tracramial structures they tend to lodge in the leptomeninges rather 
ut This seems to be characteristic of malignant growths of the 

although carcinomas from other sources mi also metastasize 

leptomening 1 many instances the source of the primary malignant growth escaped detec 
tion, but even in the majority : | astromtestinal tri Was suspect, a conclusion 
arance of tl and their arrangemet Thus, the 


of carcimon ) | leptoment . ] ) bowel 


Diseases of the Brain 


RESULTS PATIENT WITH 
MATOMA BERGMA? M. NATHANSON, and | 
149:1529 (Aug 3) 1952 
The medical literature contains many deserip f the clinical features and operative 
findings in proved cases of subdural hematoma. Little attention has been directed to cases in 
hich a subdural hematoma was suspected clinically but was not found at operation. The authors’ 
in this report is to compare two such groups in order to evaluate better the diag- 
ic and prognostic features of this clinical entity 
One hundred consecutive cases uspected subdural hem: a, occurring during a three 


year period, were review comparison wi ad \ ps, 67 patients who had sub 


dural hematoma and 33 who did not 


found that no reliable clinical features distinguished tl » groups. When the 


used as criteria the combimation of head imjury, chang in consciousness, and failure 

improve, the suspected diagnosis proved correct in O80 of the series 
Neurological signs, such as pupillary changes, aphasia, and hemiparesis, did occur with 
t frequency be reliable. Reliance could not be placed on lateralizing signs m= view 


frequency of ir occurrence in the gre ) without subdural hematoma. The 
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| J | and K | Rich Bull Le 
Angel Seurol ( Dec 195] 
lacol Richland report cases of tour patient Ith primary carcinomato of the 
cra it a proved mary Carcinoma tive tomac the econd wit 
rigin wi the gastromitest it tract, the third it primary neoplass found else 
ere the body, and the fourt ith a known carcinoma of the breast ith metastases 
to the regional lymph nod The ca of thi isease ive previously been 
ine red 
When the cancer cells invade the leptomenti iffusely, one of several clinical syndrome 
mia evelop, depending upo hether the subarac id infiltraty 1 idespreal 
le} 

ALPER Piiladelphia 
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successful reme 
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permanent disability 


radiates from tl 1] 2 he frontal but 
sis usually mild and 1 1 of transitory unsteadi 
Phe patient usually does 1 frequent 
ometimes appe: Wally no J 
neountered paresthesia of th hi . ack ain with vasomotor 
In one case there as twitching of ar Roger notes the 
frequency of psychogeni imposition-depression, ditheulty in thinking, impaired memory 
and anxiety 
Symptom abl are important im diagnos Phe neck is often stiff; pain 
with motion and n of motion are not infrequent. Pain is induced by posterior extension 


] ] 


lateral flexion of the he: also occasional tenderness over the cervical region 


and ial 
Roentgenograms sometimes. sl fracture of the spine, and occasionally arthritic changes, 
which may come on a long time after the accident Arthritic changes associated with the 
Barre uo syndrome, according to Bartschi-Rochaix, are seen more frequently with lesions 
of the third to tl fth cervical than with lesions of the fifth to the sixth cervical vertebrae 


Straightening of t cervical curve is often seen; herniated disk may also be present 


Phe syndrome often comes on insidiously and reaches a maximum intensity usually in a 


few weeks. It may be very recalcitrant to treatment. One of the author's patients had con- 


tinued complaints for 10 years. It is oftenest confused with the postconcussion syndrome 
Differential diagnosis ditheult postconcussion syndrome usually appears soon after 
the trauma an adually diminishes in intensity, remaining at a certain level of intensity for 


a long time ) : sympathetic syndrome usually appears later, progresses over a 


longer period, and clears up less quickly. The author points out the necessity for more frequent 


examination of the neck in cases of head injuries. The disability in most cases is 20 to 25% 
Heat and x-ray treatments are recommended. The author reports no necessity for surgical inter 
vention in any of his cases. Relief of the Barré-Liéou syndrome has been reported after removal 


of a cervical disk 


New Y« ork 
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number of hematomas whi ire proved to be bilateral or on the unsuspected side justifies 
the practice ot pertorming bilateral tre ination In Int eries electroencephalogra 
phy was of 1 value in differentiating patients with sii hematoma from those who had 
head injuries, wit t subdural hematoma 
/ 
Bergmar il pokit out that thre progr ifter 
subdural hematoma should always be guarded. In this series the nur 
patients without subdural Was proport illy a wh a 
dural hematoma \Iso, there was little difference in the incidence of IIZ?'_'7['ii EE in 
the two gi It is felt that disease of the brain ttsel ther or not it was due to injury 
i pre i t ( deter mortality ine \ 4 
Philadelphia 
Diseases of the Spinal Cord 
Po ( | PRAUMA iit 
( ( HEN kx Rev. oto-neuro-ophtal. 24:32 (Ja 1) 1952 
| rol neounter ! t trequently wit irthritis of t cervical portion of the 
pinal column at escribes Barre, in 192 ind tu t Licou, in a Strassburg 
thesis in 19 Crus mother student of Barre in 1932 4 t it t a irance of tl 
syndrome. fe y trauma. it wid Pallas, ca ittention to the frequeney 
or t Barre-lLieou ndrome cervical Prauma may be transmitted to the neck in 
head injury a may result perext on to t ead, and even from. sudde 
forced tt id | One f Roger cant t act ent Wa i fall \ the patient 
landed sometime 1 that the patient did not recall it and 
rr ed 
ndrot een more frequently im older itient lest of repeated mild 
traumatis! is carrying the neck re it y or the etfect of pneumatic drill 
is still not clear. Complaints usually do not appear immediately after the trauma. They come 
Ola eck rit or evel i tew veal afterward Headache 1 usuall tal, but may be 
N. SAVITSKY, 


IRCHIVES OF 
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H. Ze_~wecer, L. Gia I 
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Encephalography, Ventriculography and Roentgenography 
Roentgenol 


nD-Day PNEUMOENCEPHALOGRAPHY 
had the opportunity ¢ tudying routine encephalograms made on psychot 
vn organic disease of the brain. These studies were done as a routine 


44 j VOCHIATR) 
YLISM » More and S. Firzi A. M.A 
1) ( ild 
« authors report t m; Hurler yndrot 
{ evelope taphvsial venstosi ol 
lysosto dest 1 vit tunted trunk, kypho deformities of the sam and ribs, short 
extremiutie caphocephaly, bulging forehead, cla and 4 wns of or glucoproteim 
tora t epatosplenomegaly, corneal cloudine mental deterioration, abnormal granu 
thre te | ( bone mart ind rue me gargoyle faci pet 
kin, and umbiliea erma, Case | iS previou reported as one oft Lert 
f ) \t that time or light mental retardation at I keletal change rt 
torted vertebral bodice ribs. enlara cvlindrical 
er ' ent \t the time of the present report the atient manitest ' ot torave disease 
mental deterroration, hepatosplenomega basoy c granules in the lymy cvte 
( cornea In the other tw cases the patient blir ied 9 and 5 year ere ot 
sal eous parent Ihe tormer patient presented fully developed gargoylism; the latter 
ul t ca keletal change but the nl] torage manifestation vere very fine deposit n 
cornea, seer nly ith the shit lan ihnormal granulatior in leucocyte Without 
| edyve t the older the condition ould ive been regarded a Morquiw wea 
eccentl osteochondrodysplasia clouding the cornea and granulation OL thre 
blood eo mia ccur earher than hepatosplenomegaly and signs of cerebral mvolvement. In 
ises of epiphysial-metaphysial ostosis, the cornea should be examined with thi OR 
the ite ce exanuned tor granule Ihe authors believe that in most cases the d | 
mene t cifferent type of epiphysial-metaphysial dysost based only on x-ray data ts 
nrelable 
SHEKERT, Philadelphia 
Treatment, Neurosurgery 
DikrRick, | Ht. Joun 
1952 
\ ear-old b vith rhe t 
the 121 da . 
Phe blood pr t 
remamed wv iter 
ery il va 
on after tl ined 
normal mg 
per 
| it lisorganize 
| 
i ia, but no EEEBbic change to account for the coma and convulsions Lhe bran | | 
! edema around at ccasional intracerebral vessel. Electrolyte imbalance Vater retenth 
cerebral edema, vasospasm, or hypertension, alone or im combination, did not seem responsibl 
for the « vul 1 The authors postulate a direct or an imdirect effect of corti ‘ t 
cerebral corte 
SIEKERT, Philadelphia 
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power to periorm 


‘ 1) { Mination 
ad had \ 


and ; nd h of the 
mouth awn late | | 


of her left 
heel rigidity 


The patient 


hut no 


tal lobotomy 1 rdditior 15) studi vere made o patient with a history of 
P| studies were done on patients with a history suggestive of organic disease of the 
BEE} te roposterior, posteroanterior, and right lateral projecti were taken with the patient 
in the upright position immediately after 105 ce. of air was injected into the spinal canal. Twenty 
tour irs later an identical set of roentgenograms was ma vit e patient in the same post 
tion Measurement ere made on the posteroanterior film, a rding to the method of Schatzki 
Baxter, at Prolat Ve fs nd Ved. 236:419, 1947) 1 i mparison of the widths ot 
the ventricle n the tw examinatior made 24 " ipart In thi tudy Stewart used a 
standard target-film distance ( r cm.), standard ind a standard amount ot 
ur. However e found that many errors occurred in t ittempt to measure the ventricles. It 
VAS tt t to determi the proper nts tro. \ t mea re ind t re Wa i col lerable 
uman error in the study. For this reasot e computed the area of ea veritricle a een on the 
posteroanterior projection and compared the areas of the corresponding ventricles on the filn 
made 24 With recnect hoth to th near al rea easurement { 
the opimion that there was no statistical significance t differences in size of the ventricle 
at the 
ay the 
that 
in the 
sizes of the ventric on succeeding day However, he does believe that scco 
UNILATER FICATIONS OF THE Basan GANGLIA S. A. TrRUFANT and W. B. SEAMAN, 
52), 1952 
Prufant and Seaman report a case in which roentgenograms of the ski an area 
t caleitu it 1 t re. ! 1 t Da il VaAlvila t ( t wie | patient, al aged 
33, had had stiffness in the finger f the left hand, a rigid gait, and a drawing sensation in the 
- leg, and the left side of the face for about 1 eal She had not lost. the 
hand stiffly extended, although they could be flexed normally Dhere wa ome 
at the left elbow. The left knee was somewhat rigid when the patient walkel. _ 
also had a psychoneurosis of long standing 
Roentgenograt vere made of the skulls of the patient ister and her two daughters, Hi 
i i re Wid Wy Grove Cit Pa 
Itt or R ON THERAPY IN VASCULAR ANOMALIES OF THE CENTRA NERVO! 
SYST GG. KAPLa B. R and Kk. G. K EGER, Radiology 59: 1952 
Che authors report nine case f vascular malformations of the central nervou tem, i 
all of which the treatment was first surgical, followed by x-ray theray In five of the nine case 
the les is a irteriovenous angioma of the bran In four of these it was observed 
urgicall the tth the diagnos is mac mea f cerebral a ovral the 
common carot irte! i pate before x-ray theray i ve | the other four ca 
the lesio of the minal cord Survical treatment cor ted of decor 
n all cases ¢ t t 1 1 ‘ livation of the ce carot { is t ! ( 
rocedure It ther case the carotid arter \ t ifter surgical decompre 
The x-ray theray aried considerably from case to case, bot nh quantity and in qualit f 
raciaty0 ter ( lept | e varied trot 700 to 2 400 I thre ri ot 
The total time treatment alse extreme] Varla tre cause t Cust ut 
that no beneficial results wet btained from their x-ray theray ind that radiation ore 
In Management of vascular anomalies of the central nervou yste 
(Garove Cit 


News and Comment 


CONGRESS OF NEUROLOGICAL SURGEONS 
rd annual meeting of the Cong of Neurological Surgeons 
Hotel, New Orleans, on Nov. 12, and 14, 1953 
ffrey Jetferso onsulting Neure on, Manchester Royal Infirmary, Manchester, 


vill be guest ‘ het be panel discussions on the following subjects 


THE AMERICAN NEUROLOGICAL ASSOCIATION 


t \nnual Meetine of the Americar 


June 15-17, 1953, the foll 


CHICAGO NEUROLOGICAL SOCIETY 


ago Neurological Society held on May 
Dr. Douglas N. Buchanan 


ecretary and treasurer 


ILLINOIS PSYCHIATRIC SOCIETY 
At the election of officers on May 27, 1953, the following members of the Ilinois Psychiatric 
ociety ere elected to oftiece pre ident, Dr. Alfred P Day, Manteno State Hospital, Manteno, 
Ill. ; vice-president, Dr. Hi. H. Garner, Route 1, McHenry, Ill; seeretary-treasurer, Dr. Louis 
Bk. Shapiro, 664 No. Michigan Ave., Chicago 11; councilor, Dr. Jules H. Masserman, 8 So 
Michigan Ave Chicago 3; councilor, Dr. Helen McLean, 664 North Michigan Ave., 
Chicago 11 


Books 


Hemifacial Spasm. By Robert Wartenberg, M.D. Price, $4. Pp. 86. University Press, 
114 Sth Ave., New York 11 


his volume is a short monograph on a single affliction that occupies an unusually large 
space in the mind of the neurologist, the chief reason being that all there is about it appears on 
inspection; nothing beyond what is obvious is truly known. With his well-known thoroughness, 
the author advances the theory that hemifacial spasm is a nonpsychogenic, oftenest a crypto 
genic, release phenomenon with the lesion in or above the facial nucleus, a disease, therefore, 
of the motor inhibitory apparatus. This book will be found valuable reading by those who cherish 
concise description and clear logic. 


CORRECTION 


In the article entitled “Electroencephalographic Findings Associated with Subdural Hema 
toma,” by Dr. Ernst A. Rodin and his associates, published in the June, 1953, issue of the 
\rcuives, Dr. Bickford was incorrectly referred to as Mr. Bickford in the second footnote on 
page 743. On pages 750 and 751, the legend for Figure 1 should appear as the legend for 
Figure 3, and the legend fer Figure 3, as the legend for Figure 1. 
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for emotionally disturbed children... 


THE ANN ARBOR SCHOOL 
. . . is a private school for children from six to fourteen, of average 
or superior intelligence, with emotional or behavior problems. 


providing intensive individual psychotherapy 
setting. 


A. H. Kambly. M.D. 


Director 


in a residential 


First National Bldg. 
Ann Arbor, Michigan 


“Beverly Farm” HOME AND SCHOOL FOR 
INCORPORATED Nervous and Back- 


ward Ch ildren 


11 buildings Can accommodate 200 children, 
2990 acres of land with contemplated educational 
300 feet above improvements for a larger num- 
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Mississippi River case for life. | 


Address all communications to DR. GROVES B. SMITH, 
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Appalachian fall 


An institution for rest, 
convalescence, the diag- 
nosis and treatment of 
nervous and mental dis- 
orders, alcohol and drug 
habituation. 
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Appalachian Hall is located in 

Asheville, North Carolina. Ashe- 

ville justly claims an unexcelled 

all year round climate for health 

and comfort. All natural cura- 

tive agents are used, such as 

physiotherapy, occupational therapy, shock therapy, outdoor 

sports, horseback riding, etc. Five beautiful golf courses are 

ia iat available to patients. Ample facilities for classification of 

ri patients. Room single or en suite with every comfort and 
information, write 
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M. A. Griffin, M.D. 
Asheville, North Carolina 


Wm. Ray Griffin, M.D. 
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CHICAGO J. DENNIS FREUND, M.D. 
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